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atroduction:

The haddock (Melanogrammus aeglefinus) population within

s. waters is assumed to consist of two major stocks. Haddock
ded from Division 5Z and Statistical Area 6 constitute the
orges Bank stock; haddock from Division 5Y constitute the Gulf
‘Maine Stock. These stock definitions are based on tagging
udies, meristic data, age composition and growth data (see

ark et al. 1982). Several authors have suggested that a

arate stock may exist in the Nantucket Shoals area (Clark et

. 1982; Schroeder 1942; Bigelow and Schroeder 1953). No recent
ra are available, however, to substantiate the persistence of a
eproductlvely isolated stock in this area.

The haddock fishery on Georges Bank developed during the
d-1800's as a bycatch in the cod handline fishery (Jensen

67). With the introduction of the Vigneron-Dahl trawl near the
rn of the century and improved technology for providing fresh

d frozen fish products, a directed haddock fishery developed.
ter this development period, yields from the fishery

abilized. From 1935 to 1960, annual yields averaged

roximately 46,000 mt (Clark et al. 1982). During the early
60’s, distant water fleets from the Soviet Union, Spain and

her countries began to direct fishing effort toward haddock on
eorges Bank. This increase in effort temporarily resulted in
21ds in excess of 100,000 mt (Clark et al. 1982). By 1969,
ndings had decreased to a level below that maintained during

e 1935-1960 period, and continued to decline throughout much of
e 1970’s (Table i). During the late 1970’s and early 1980'’s
ndings increased, however the fishery did not recover to a pre-
60 level. Since 1980, landings have declined steadily to the
rrent level of 5284 mt in 1990 (Table 1).

Haddock are currently managed under the New England Fishery
anagement Council’s northeast multispecies fishery management
an. While some haddock are caught in gillnets, line trawls and
ther gear, the otter trawl is the predominant gear used,
counting for over 97% of the total landings during the past 5
ars. Recreational landings are low; estimates for 1990

dicate that landings were less than 100 mt.



Commercial Landings

Commercial landings in 1990 were 5284 mt, 18% higher than ip
1989. Increases in landings from 1989 were evident in both the
USA and Canadian fisheries (Table 1). Current levels of landingsg
are approximately one-half to one-fifth the landings observed
during the late 1970’s and early 1980‘s, and are roughly one-
ninth that of the 1935 to 1960 average. Otter trawling accounteqd
for over 99% of the landings in the USA fishery during 19%0; in
the Canadian fishery, otter trawls were also the predominant gear
but line trawls accounted for 26% of landings (Gavaris and Van
Eeckhaute 199%91).

Length frequency sampling

In a departure from previous assessments, several of the
standard 3-digit Northeast statistical areas have been combined
to form two new strata. The impetus for aggregating landings and
length frequency samples into two strata was the low number of
length frequency samples available from George Bank during the
latter part of the 1980‘s (Table 2). In many cases, only one or
two samples were available for a market category within a given
guarter. Thus, to avoid the process of applying single length
frequency samples to unsampled strata, the strata were collapsed.
For convenience, the new strata are referred to as Eastern
Georges and Western Georges. Eastern Georges includes area 561,
562, 523 and 524; Western Georges includes areas 521, 522, 525,
526, 541, 542, 537, 538, 539 and statistical area 6. The choices
for these new strata was based on grouping the old strata which
had similar mean lengths across years and which were
geographically adjacent (Table 3). Additional analyses on mean
length at age (see section on age sampling) also indicated that
these grouping are appropriate.

The number of samples taken within a market category/area/
quarter combination (stratum) varied from 0 to 15. When no
samples were available within a stratum, the length frequency
from the other area was used. In 1989, quarter 3, no samples were
available for market category 1470. The length frequency for
this stratum was estimated as the average of the gquarter 2 and 4
length frequencies for this market category. '

It should be noted that while a point estimate of the length
frequency can be estimated from a single sample, an unbiased
estimate of the variance can not be computed from the sample.
Further, when no samples within a stratum are available, the
processes of applying the length frequency from the other area
can bias estimates, and further, the mean square error can not
computed directly. With these considerations, a minimum of oné
sample is required for unbiased point estimates, and two samples
are required for unbiased estimates of the variance. As suchr;n
is recommended that at least two samples from Eastern and Wester’
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orges Bank be taken each quarter so that the variance of the
satch at age matrix can be computed and the adequacy of sampling
valuated.

\ge composition sampling

As indicated under the length frequency sampling section,
he current 3-digit Northeast statistical areas were collapsed
into two new strata. Plots of mean length at age of haddock
-ollected in NEFC trawl surveys indicate substantial differences
between Eastern and Western Georges Bank (Figure 1). An
alternate way of depicting the differences between these regions
is the mean age at length. Plots of mean age at length by
gquarter from commercial samples indicate that generally mean age
at length was less in Western Georges Bank than Eastern Georges
ank (Figures 2-6). Because of these differences in age-length
relationships, it is inappropriate to treat Georges Bank as a
ngle sampling stratum.

Additional analyses were performed to evaluate the
_pproprlateness of pooling age-length keys across quarter and
yooling age~-length data from the survey with commercial samples
Appendix B). These analyses indicate that the age at length of
fish collected in NEFC trawl surveys does not differ
substantially from haddock collected commercially, and age at
length does not differ substantially between quarters one and

o. Thus, age~-length keys were computed using both commercial
and survey age data, and age-length keys were computed for the
rst and second quarter combined and for the third and fourth
quarters separately. The sample sizes resulting for each stratum
re presented in Table 4.

Catch at age

Catch at age was computed for the USA fishery for the years
982-1990 (Table 5). Catch at age for the Canadian fishery 1982~
90 was taken from Gavaris and Van Eeckhaute (1991) (Table 6).
atch at age prior to 1982 (Table 7) was taken from previous
assessments (Clark et al. 1982; Overholtz et al. 1983). Catch

t age was computed following the procedures outlined in Quinn et
al (1983); computation of the variance of catch at age followed
Gavaris and Gavaris (1983). Several approximations were made in
the computation of variance, however. First, the effect of
cluster sampling of the length frequency and age data was
ignored, resulting in an underestimate of variance. Secondly,
the variance of estimates of mean weight at length using length-
weight regressions was also ignored, again resultxng in
underestimates of variance. Finally, the variance (and bias,
contributing to mean square error) introduced by applying length
frequency samples from one area to the other when no sample was
available could not be estimated. This approximation also likely
results in a underestimate of variance. As all of these sources
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of bias are likely to be in the same direction, the estimates
provided here are minimum estimates of variance, and the actual
variance is potentially much larger.

Catch at age during the period from 1982-1990 has been
dominated by the 1978, 1983, 1985, and 1987 year classes (Table
5). Coefficients of variation for these years classes was
generally on the order of 5%, however this is a minimal estimate
and the actual c¢.v. could be substantially larger.

Mean length and weight at age

Mean length and weight at age at capture were calculated for
the USA fishery for 1982-1990 (Table 8). Mean weight at age for
previous years (Table 9) and for the Canadian fishery 1982-1990
(Table 6) were taken from previous assessments and Gavaris and
Van Eeckhaute (1991). Within the 1982-1990 period, no trend in
mean length and weight at age is apparent. For all landings from
1963-1990, there was a trend for higher weight at age following
the late 1960’s.

Mean weight at age for stock biomass computations were
calculated following Rivard (1980) and are provided in Table 10.
Estimates of the proportion of female fish mature at age are
provided in Table 11.

Commercial CPUE

Commercial CPUE indices were computed for the USA otter
trawl fishery for 1964-1990. Before analysis, the data were
filtered to include only those trips where total catch was at
least 50% cod, haddock and winter flounder. A multispecies
qualification level was used because at present very few trips
can be considered to be directed haddock trips. The use of a
multispecies qualification is based on the assumption that
fishing effort that is directed toward cod, haddeck or winter
flounder is likely to catch the others since these species
commonly co-occur (Gabriel 1989}).

Commercial CPUE indices were computed in two ways; GLM
(General Linear Model) analysis and means of cell means. GILM
analysis with all interactions (except those involving year) and
no interactions were estimated. Comparison of the results of
these GILM models show very little difference in the time series
for each index (Table 12). The detailed results of these GLM
models are presented in Appendix C. Results of means of cell
means (where a cell is defined as a quarter/area/tonnage class
combination) for tonnage class 3 and 4 vessels show a broad
similarity in the resulting time series (Table 13). Plots of
these indices with the GILM (without interactions) CPUE index
indicate that all three indices follow the same general trend,
with high values during the mid 1960’s, a sharp decline to a




nimum during the 1970’s, a rebounding during the late 1970'’s

d another decline after 1980 (Figure 7). However, there are
screpancies in the details of the trend in each index. 1In
rticular, the GIM index shows large jumps during 1977 and 1981
iere the cell mean method shows a much more gradual trend during
ese time periods (Figure 7). Currently, all three indices are
ar record lows for the time series.

esearch survey indices

Prior to using NEFC research vessel bottom trawl survey

ices for VPA tuning or indices of abundance, mean catch/tow in
umbers were adjusted to account for the changes in gear usage

at have occurred during the time series. The details of the
estlmatlon procadure for the adjustment factors and of gear usage
during the time series are provided in Appendix A. For
nvenience, both the adjusted and unadjusted stratified mean
atch/tow (numbers) are presented (Tables 14 and 15; Figure 8).
atified mean catch/tow in terms of weight was not adjusted for
nges in gear usage at this point in time because further
nalysis is necessary to determine the effect that differential
vulnerability by size class has on estimates of adjustment

ctors to adjust mean biomass catch/tow.

Catch of age 1+ haddock in the autumn survey shows four
stinct periods since the beginning of the NEFC bottom trawl
survey in 1963. During the early 1960’s, mean catch/tow was at
s highest level, reaching a maximum for the time series in 1964
igure 8). Following this, survey catch/tow dropped sharply and
mained at a low level from 1969-1975. A resurgence in catch
/as observed in 1976, and relatively high catch rates were
served until 1979, when the mean catch/tow again declined. The
all survey catch/tow from 1982 to the present has remained at a
w level, averaging 3.83 fish/tow. The 1990 value of 2.23
ish/tow is among the lowest in the time series. The three
strongest year classes, based on the mean catch/tow of age 0
addock in the survey, were the 1963, 1975, 1985 year classes.
he 1966, 1972, 1975, 1978, 1980, 1983 and 1985 year classes were
so relatively strong, all with adjusted mean catch/tow of
reater tRan 6.0 fish/tow. The three most recent year classes
988-1990) all appear weak, all with a mean catch/tow of less
an 1.0.

Spring NEFC bottom trawl surveys were initiated in 1968. As
‘ith the autumn survey, relatively high index values were
bserved from 1976 to 1979, and low values (averaging 6.59
‘ish/tow) from 1982 to the present. The 1990 spring survey index
t 7.98 fish/tow was relatively close to the 1982 to 1990
average,

- In 1986, the Department of Fisheries and Oceans (DFO),
-anada, 1n1tiated a bottom trawl survey on Georges Bank (Table
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16). Details of this survey are provided in Gavaris and Van
Eeckhaute (1991).

Estimation of fishing mortality rates and stock size

The ADAPT (Gavaris 1988) method of "tuning" the results of
VPA was used to derive estimates of population abundance and
fishing mortality (Appendix D). Canadian bottom trawl survey
catch/tow at age and NEFC spring and autumn bottom trawl survey
catch/tow at age indices (adjusted for gear changes) were used
for calibrating the results of VPA. The NEFC spring survey and
Canadian survey indices were applied to the year they were
conducted; the NEFC autumn survey indices were lagged one year
and ages were shifted by one year. The NEFC autumn index was
lagged since it is conducted closer to Jan 1 of the following
year than Jan 1 of the year it is conducted in. Mean catch at
age 1 to 8 in the NEFC spring survey and Canadian survey and mean
catch at age 0 to 7 (lagged one year) in the NEFC autumn survey
were used. Commercial CPUE indices were not used in the
calibration procedure; since the USA fishery covers only a
portion of the stock area it was felt that commercial CPUE of the
USA fishery could be biased with respect to the total population.
Canadian CPUE could not be used since management measures (i.e.
trip limits; Gavaris and Van Eeckhaute 1991) imposed on the
haddock fishery could seriously bias CPUE indices. Commercial
catch at age 1 through 8 and 9+ formed the basis for the VPA
calculations.

As in previous assessments (i.e. Gavaris and Van Eeckhaute
1991) the natural mortality rate was assumed to be 0.2.
Instantaneous fishing mortality rates (F) on the oldest age
group, age 8, was calculated as the "full F" for ages 4 to 7. F
on the age 9+ group was set equal to F on the oldest true age
(8). The parameters estimated from the ADAPT procedure were
stock abundance at ages 1-8 and Q for the Canadian survey and the
NEFC spring survey ages 1 to 8 and Q for the NEFC autumn survey
ages 0 to 7. Iterative reweighting (chi-weights) were not used
since preliminary results had very high weight associated with a
single survey/age group combination (Canadian survey age 3).

Results from ADAPT calibrations (Appendix D), showed low )
correlations (-0.20< r <0.05) among most parameter estimates. AS
expected, higher correlations were observed among estimates of Q
for the Canadian survey due to the shortness of the time series.
Estimates of stock size at age for 1991 were significant
(a=0.05), with c.v’s ranging from 28-47%; estimates of research
survey Q’s were also significant (®=0.05) with c.v.’s ranging
from 15-34%. Currently, the 1987, 1989 and 1990 year classes
dominate the population, accounting for 85% of stock numbers.
During the 1980’s, the strongest year classes were the 1983, }935
and 1987 year classes, all with approximately 14-17 million fish
at age 1 (Table 17, Figure 9). Although these year classes were
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strong relative to the intervening year classes, they are weak
compared to the dominant year classes of previous decades.
During the 1970’s, the 1978 and 1975 were the strongest, at 84
‘and 102 million fish, respectively (Table 17, Figure 9). During
the 1960‘s, the 1963 year class at 471 million fish and the 1952
year class at 190 million fish were the two largest in the time
gseries (Table 17, Figure 9).

Estimates of total population number (age 1+) show high
population abundance during the mid-1960‘s, a decline to low
levels during the early 1970’s, moderate populations levels
during the late 1970’s and early 1980’'s, and low population
abundance during the remainder of the 1980’s (Figure 10). F on
-fully recruited age classes (ages 4-9+) show in general a decline
-from approximately 0.5 in 1965 to 0.12 in 1974 and a subsequent
increase in F to approximately 0.6 in 1990 (Figure 10). F on
individual age classes shows a similar trend to that for the
fully recruited age classes, except that F on age 1 and 2 fish
was relatively high during the period when distant water fleets
were present in the fishery (Figure 11).

A comparison of estimates of F and population abundance
obtained using adjusted and unadjusted NEFC bottom trawl survey
indices indicates that the correction factors applied for changes
in gear usage have a relatively minor effect on the overall trend
in the estimates of population abundance (Figure 11). The
effects on estimates of F of fully recruited age classes,
however, was larger, resulting in an apparent stabilization of F
from approximately 1980 to the present time when the unadjusted
survey indices are used (Figure 11).

Yield per recruit

Yield per recruit analyses were conducted using the partial
recruitment vector estimated from ADAPT for 1589 and 1990.
Results from these years were chosen because of changes in
regulatory measures imposed by DFO, Canada during 1989. Since
the maturity schedule and mean weight at age have shown strong
shifts over time for this stock (Tables 10 and 11), yield per
recruit and percent MSP analyses were conducted using data from
three time periods: 1963-1967; 1968-1983; and 1985-1990. Results
- of these analyses (Tables 19-21; Figure 12) indicate that F,;, is
in the range 0.23-0.24; F,, is in the range 0.72-0.82; and Fyq
is in the range 0.32-0.40 (Tables 19-21, Figure 12).

Projections

Projections were made using three levels of recruitment,
corresponding to the geometric mean and * 1 standard deviation of
the recruitment for the past 5 years (Table 22, Figure 14). To
begin the projections, numbers at age for the beginning of 1991
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were taken from the ADAPT results. Fishing mortality for 1991
was taken to be status quo, and projections were made using
status quo F for 1992 and 1993, and using F;;, and Fyy for 1992
and 1993. Projections to 1993 suggest a decline in landings ang
spawning stock biomass (SSB) for all choices of fishing
mortality. only for F,, do SSB and landings show any
stabilization over time. Flshlng at F,4 and at status quo F
results in a downward trend in both landings and SSB for the
short term (Figure 14).
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Table 1. Commercial landings (metric tona, live) of haddock from Georges
Bank and South (NAFO Division 52 and Statistical Area 6).'
Year UsA Canada USSR Spain Other Total
1960 40800 17 0 0] o 40877
1961 46384 266 0 0 0 46650
1962 49409 3461 1134 0 0 54004
1963 44150 8379 2317 o 0 54846
1964 46512 11625 5483 2 464 64086
1965 52823 14889 81882 10 758 150362
1966 52918 18292 48409 1111 544 121274
1967 34728 13040 2316 1358 30 51469
1968 25469 9323 1397 3014 1720 40923
1969 16456 3990 65 1201 540 22252
1970 8415 1978 103 782 22 11300
1971 73086 1630 14 1310 242 10862
1972 3869 609 137 1098 20 5733
1973 2777 1563 602 386 3 5331
1974 2396 462 109 764 589 4290
1975 3989 13se 8 61 4 5420
1976 2904 1361 4 46 9 - 4324
1977 7934 2909 0 0 0 10843
1978 12160 10179 0 0 0 22339
1979 14279 5182 0 c 0 19461
1980 17470 10017 0 0 0 27487
1981 19176 5658 o 0 0 24834
1982 12625 4872 o 0 o 17497
1983 8682 jzo08 0 0 o 11890
- 1984 8807 1463 0 0 0 10270
1985 4273 3484 0 0 0 7757
1986 3339 3415 0 0 o 6754
1987 2156 4703 0 o 0 6859
1988 2492 4046 * 0 0 0 6538
19839 1430 3089 0 v 0 4489
1990 2001 3282 o 0 0 5284

U Al landings 1960-1979 are from Clark et al. (1982); USA landings 18980~
1981 are from Overholtz et al. (1983); USA landings 1982-1991 are from
NMFS, NEFC Detailed Weighout Files and Canvass data;

1980-1990 from Gavaris and Van Eeckhaute (1991).

Van Beckhaute 1991}).

Canadian landings

1895 tons were excluded because of suspected misreporting (Gavaris and
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Table 2. USA sampling of commercial haddock landings for length composition
from Gecorges Bank and South (NAFO Division 5Z and Statistical Area
6), 1982-1990. Eastern Georges refers to samples from areas 561,
§62, 523 and 524; Western Georges includes all samples from areas
521, 522, 525, 526, 541, 542, 537, 53B, 539 and statistical area
6. Upper line for each year is number of samples collected;
second line is number of fish measured; third line is landings
{(mt). Q1l, Q2, Q3, Q4, dencte guarters 1, 2, 3, and 4,

respectively.
MARKET CATEGORY 1470 MARKET CATEGORY 1475
EASTERN GEORGES WESTERN GEORGES EASTERﬁ GEORGES WESTERN GEORGES

YEAR Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Ql Q2 Q3 Q4

1982 3 9 8 4 1 4 7 7 6 7 6 3 1 4 15 4
512 1384 961 334 162 475 748 624 329 560 263 204 57 208 819 211
1172 1953 599 410 786 1468 1757 1014 503 887 499 220 273 284 503 247

1983 7 9 6 5 4 12 17 5 3 9 4 4 2 5 8 2
675 992 669 548 397 1219 1736 366 171 563 225 246 113 288 504 143
1394 1182 393 404 557 1444 1014 587 299 452 201 123 96 215 214 73

1984 9 7 1 S 3 i 2 3 11 4 2 1 o 1 2 3
" 952 876 152 516 309 303 169 206 638 208 152 S8 0 38 7% 110
1585 1541 646 313 623 1172 960 530 282 399 269 62 79 144 119 48

1985 7 1 1 0 1 0 4 1 7 4 2 0 0 1 2 1
775 100 106 0 98 0 339 9§ 441 252 102 0 0 46 100 74
563 745 60 80 273 931 596 226 45 109 48 25 25 128 308 84

1986 4 2 3 2 1 2 3 3 2 3 1 0 0 1 2 1
345 205 224 169 43 184 235 314 82 193 53 o) 0 5S4 108 67
558 453 32 31 106 287 274 159 355 733 17 10 50 159 68 29
1987 3 4 1 3 2 1 6 2 2 7 ¢ 1 0 o 3 1
312 427 54 214 183 107 329 99 116 442 ¢ SO 0 0 190 50
231 495 84 72 98 173 193 107 85 369 37 22 15 51 80 19

1988 5 4 1 4 1 1 1 Q 2 4 2 4 1 2 2 0
498 430 118 328 21 98 94 Q 98 231 106 227 33 137 113. O
348 529 43 44 67 232 184 75 207 398 12 112 32 129 42 132

1989 2 2 0 1 b 1 0 o 4 1 1 1 0 1 7 o]
203 203 g 99 109 105 0 0 226 62 50 77 0O 50 364 O
117 274 11 31 72 166 96 44 98 195 12 45 19 75 125 45

1990 1 s C b 2 0 1 0 S 5 1 2 1 1l 1 1
102 s23 0 101 201 0 117 0 292 277 50 138 50 50 50 SO
187 365 14 25 117 123 171 91 136 424 17 15 80 103 90 33
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Table 3, Three-digit North Eastern statistical area with closest mean length
areas 521, 522, 525, 528, 561, 562 for the years 1984-1990.
Market category 1470 -
Most |
Year Frequent
AREA 1984 1985 1988 1987 1988 1989 1990
521 561 522 561 525 526 - 528 5§25
522 525 521 525 528 - 561 - 525
561 521 562 562 562 562 522 - 562
562 525 561 522 561 561 522 525 561
525 562 521 522 521 561 - 562 521,562
526 - - - 521 521 562 - 521
Market category 1475
Most
Year Frequent
ARFA 1984 1985 1986 1987 1988 1989 1990
521 561 522 522 562 561 522 525 522
522 561 521 562 61 526 521 521 521
561 521 521 562 562 526 562 562 562
562 522 522 561 561 522 561 525 561
525 - - - - - - 521 521
526 - - - - 561 - - 561




Table 4.

14

Sample size used in forming age~length keys for commercial landings of
haddock from Georges Bank and South (NAFO Division 5% and Statiestical Area
6), 1984-1990. Eastern Georges refers to samples from areas 561, 562, 523
and 524; Western Gecorges includes all samples from areas 521, 522, 525,
526, 541, 542, 537, 538, 539 and statistical area 6. In each year, age-
length keys were formed pooling quarter 1 and quarter 2 samples. Age-
length keys also included data from fish collected in NMFS bottom trawl
surveys.

EASTERN GEQRGES WESTERN GEORGES

_ QUARTER__ QUARTER

YEAR 1+2 3 3 1+2 3 3
1982 662 257 296 205 402 245
1983 554 202 267 541 532 212
1984 597 79 304 153 110 132
1985 616 63 0 92 95 39
1986 422 80 182 140 93 85
1987 372 24 109 88 392 145
1988 486 150 267 127 201 3
1989 411 111 77 148 231 1

1990

461 50 214 142 130 49
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Table 5. Commercial catch (numbers 000’s) at age of haddock landed in the yg

fishery from Georges Bank and South (NAFO Division 5Z and Statisticy ,

6), 1882-1990. 4%

Catch (0C0’s)}
Age Group
Year 1 2 3 4 5 6 i 8 9+ TOTAL
1982 1 852 1164 2333 298 463 924 97 108 6237
1383 o] 53 454 432 1560 196 152 711 72 3630
1984 0 81 259 664 345 1310 173 234 439 3506
1985 0 384 245 80 372 173 439 56 S0 1840
1986 0 16 1109 137 76 121 121 226 39 1848
1987 0 9 39 525 63 41 59 78 67 881
1988 c 1 506 53 541 96 48 48 20 1313
1989 0 131 18 254 79 156 33 20 . 8 700
1590 0 ] 375 117 367 24 S5 17 10 1031
Standard error of catch at age (000's) :
Year 1 2 3 4 5 6 1 8 :
1982 1.2 32.7 50.4 66.0 28.0 32.3 39.4 1.2.7 3
1983 0.0 6.7 19.2 22.2 38.9 16,2 12.9 26.1 :
1984 0.0 11.4 23.8 34.9 25.9 47.6 17.7 22.1 .
1985 0.0 29.4 28.0 14.7 33.6 24.8 29.3 8.6 i
1986 2.0 5.7 53.3 17.3 11i.1 12.5 13.3 18.0 :
1987 0.0 5.4 5.9 17.2 6.7 5.4 6.4 6.7 B
1988 0.0 0.7 21.6 9.2 23.4 8.5 5.8 5.4
1989 0.0 6.4 2.9 12.4 6.9 10.7 4.2 4.3
1990 0.0 1.7 16.4 9.3 17.3 7.8 6.2 2.9
Coefficient of variation of catch at age

Year 1 2 3 4 5 6 i B8
1982 86.9 3.8 4.3 2.8 9.4 7.0 4.3 13.1
1983 12.7 4.2 5.1 2.5 8.3 8.5 3.7
1984 14.1 9.2 5.2 7.5 3.6 10.2 9.4
1988 7.6 11.4 18.4 2.0 14.4 6.7 15.3
1986 34.8 4.8 12.6 14.6 10.3 10.9 8.0
1987 58.4 15.2 3.3 10.7 13.4 10.8 8.5
1588 §5.5 4.3 17.4 4.3 8.9 12.0 11.2
1989 4.9 18.7 4.9 8.7 6.8 12.6 21.3
1990 34.7 4.4 8.0 4.7 .3 11.1 16.9
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Table 6. Commercial catch (numbers 000's) at age of haddock landed in the Canadian

fishery from Georges Bank and South (NAFO Division 52 and Statistical Area
6), 1982-1990.'

Catch (000°s)

Age Graup ' b
year 1 2 3 4 S 6 7 8 9+ TOTAL L
1982 0 313 469 1400 93 106 195 9 5 2590
1983 0 16l 359 258 679 76 34 89 4 1660
1984 0 12 a8 63 52 172 €1 33 . 104 535
1985 0 2022 305 114 a9 55 87 22 62 2756
1986 6 38 1701 86 70 52 29 40 21 2043
1987 0 1986 90 1088 59 32 30 28 68 3381
1988 4 51 1878 81 330 £3 7 16 86 2566
1989 0 1132 68 623 64 202 13 8 37 2147
1990 2 7 1062 43 508 13 120 23 33 1808

Mean weight (kg) at capture

Age Group

2 3 4 S (-] 7 8

1982 1.056 1.556 1.915 2,348 2.801 2.909 3.414
1983 - 1.031 1.401 1.822 2.200 2.543 2.821 3.007
1984 - 0.883 1.401 2.010 2.257 2.770 2.918 3.326
1985 - 0.948 1.264 2.068 2.169 2.942 3.289 J.238
1986 0.452 0.981 1.458 2.104 2.913 2,899 3.646 4.248
1887 - 0.832 1.391 2.073 2.253 2.598 2.906 3.623
1988 0.421 0.974 1.315 1.787 2.234 2.264 2.978 3.036
1989 - 0.861 1.44% 1.789 2.215 2.604 2.795 3.014
1990 0.635 0.960 1.443 1.764 2.228 2.498 2.750 2.553

-

Year

! pata from Gavaris and Van Eeckhaute (1991).
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Table 7. Total commercial catch {(numbers 000°s) at age of haddock from Geq
and South (NAFO Division 52 and Statistical Area 6), 1963-1990Q.!
Age Group
Year 1 2 3 4 5 6 7 a 9+ TOTAL
1563 2910 4047 7418 11152 8198 2205 1405 721 1096 39152
1964 10101 15935 4554 4776 8722 5794 2082 1028 1332 54324
1965 9601 125818 44496 5356 4391 6690 3772 1094 1366 202584
1966 114 6843 100810 19167 2768 2591 2332 1268 867 136760
1967 1150 168 2891 20667 10338 1209 993 917 €98 39031
1968 8 2994 709 1921 14519 3499 667 453 842 25612
1969 2 11 1698 448 654 5954 1574 225 570 11136
1970 46 158 16 570 186 214 2308 746 464 4708
1971 1 1378 223 40 289 246 285 1469 928 4856
1972 156 2 450 81 32 120 78 66 1236 2221
1973 2560 2075 3 386 53 30 77 15 447 5646
1974 46 43207 657 2 70 2 2 53 24% 5401
1975 192 1034 1864 375 4 42 4 4 88 3607
1976 144 473 550 880 216 o 23 4 112 2402
1977 1 19s8s’ 187 680 515 387 4 39 111 21479
1978 1 761 1439%* 305 567 517 139 14 67 16766
1979 1l 26 1726 7169 525 410 3ais 96 46 10314
1980 8 31000% 347 975 6054 594 546 153 81 39758
1981 1 1743 10998 831 937 2572 331 158 94 17665
1982 1 1165 1633 3733 391 569 1119 106 110 8827
1983 0 214 813 690 2239 272 186 800 76 5290
1984 0 93 297 727 397 1482 234 267 543 4041
1985 0 2406 550 194 461 228 526 78 152 4596
1986 6 54 2810 223 146 173 150 266 60 3888
1987 0 1998 129 1613 122 73 89 106 135 4262
1988 4 52 2384 134 931 149 55 64 106 3879
1989 o 1263 86 877 143 is8 46 28 45 2847
1990 2 12 1437 160 872 97 175 40 43 2839

geg s
%8s ‘“.@sf::

communication).

? Of this total, approximately 12

communication).

communication).

Of this total, approximately 20000000 fish were added to the
account for high discards that occurred during 1980 (W. Over
communication).

Data 1963-1979 from Clark et al. (1982); Data 1980-1981 from Overholtz et al;
(1983); Data 1982-1990 current assessment and Gavaris and Van Eekhaute u9%h

Of this total, approximately 1000000 fish were added to the catch at age '¢
account for high discards that coccurred during 1974 (W. Overholtz, personal

800000 fish were added to the catch at age ¥
account for high discards that occurred during 1977 (W. Overholtz, pe

Of this total, approximately 5000000 fish were added to the catch at age ti
account for high discards that occurred during 1978 (W. Overholtz, persond

raonal

catch at ag'§°1
holtz, persond
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Table 8.  Mean length and weight at age of haddock landed in the 45SA fishery from
Ggggges Bank and South (NAFO Division 52 and Statistical Area 6), 1882-
1 . -

Mean Length (cm)

Age Group
1 2 3 4 S 6 7 8 9+
27.0 44.4 51.5 56.8 61.9 65.3 69.7 74.8 74.8
- 45.5 50.7 56.6 60.7 €4.6 69.5 70.4 75.7
- 44.7 50.3 56.1 60.4 64.4 67.7 70.5 72.7
48.7 53.4 57.1 63.8 65.1 67.6 73.9 73.4
43.5 49.3 54.5 60.5 65.7 66.1 70.2 73.1
48.6 53.3 57.1 €60.7 65.1 €8.5 74.0 76.8
46.8 51.9 53.3 58.3 64.2 67.9 72.5 74.3
48.4 53.6 56.6 60.7 64.0 71.1 74.4 74.9
44.9 52.4 56.9 58.6 64.7 67.8 75.4 76.4

Mean Qeight {kg) at capture

Age Group

1 2 3 4 5 6 7 8 9+
0.225 0.932 1.410 1.854 2.375 2.753 3.315 4.015 4.091
- 0.996 1.345 1.839 2.213 2.691 3.345 3.408 4.275
- 0.924 1.308% 1.812 2.191 2.659 2.979 3.425 3.718
- ~1.194 1.583 1.861 2.532 2.649 3.013 3.509 3.798
- 0.846 1.219 1.656 2.230 2.807- 2.798 3.325 3.781
- 1.182 1.515% 1.838 2.23%9 2.662 3.074 3.817 4.287
- 1.065 1.436 1.510 1.927 2.545 2.972 3.643 3.963
- 1.174 1.603 1.806 2,200 2.519 3.415 3.783 3.818
- 0.981 1.523 1.809 1.959 2.597 2.960 4.005 4.164
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Table 9. Mean weight (kg round weight) at age of haddock landed from Gegy Tal
and South (NAFQ Division 5Z and Statistical Area 6)}.' Valyes encl

parentheses are averages from surrounding years.

Age
Year 1 2 3 4 5 6 7 8 9+
1963 0.57 0.87 1.18 1.47 1.68 2.15 2.3% 3.04 23.10
1964 0.50 0.83 1.12 1.43 1.64 2.01 2.40 2.64 2.97
1865 0.58 0.69 1.03 1.35 1.67 1.99 2.26 2.66 3,11
1966 0.58 0.73 0.89 1.26 1.70 2,07 2.28 2.87 213.18
1967 0.66 0.70 0.95 1.18 1.42 2.05 2.31 2.66 3.10
1968 0.59 0.81 1.05 1.32 1.57 2.10 2.32 2.62 2.86
1969 0.52 0.78 1,10 1.69 1.75 1.99 2.52 2.99 3.63
1970 0.71 1.27 1.22 1.93 2.19 2.39 2.58 3.23 3.7%
1971 (0.67) 1.03 1.31 1.74 2.39 2.81 2.92 3.10 3.72
1972 0.2 1.03 1.74 2.04 2.42 2.92 3.06 3.44 3.66
1973 0.60 1.03 1.58 2.13 2.41 3.29 3.42 3.86 213.94
1974 0.72 1.06 1.82 2.32 2.83 3.76 4.05 3.92 4.26
1975 0.62 0.98 1.3 2,21 2.20 2.94 4.00 4.05 4.33
1976 0.50 0.99 1.39 1.99 2.66 (3.08) 3.69 4.67 4.94
1977 (0.%3) 1.07 1.44 2.17 2.73 3.21 4.15 4.00 .4.99
1978 (0.53) 0.94 1.50 2.04 2.79 3.19 3.37 3.61 65.11
1979 (0.53) 1.00 1.28 2.02 2.51 3.14 3.78 3.79 4.87
1980 0.%% 0.94 1.21 1.73 2.17 2.82 13.60 3.56 3.87
1981 0.39 0.87 1.24 1.83 2.30 2.72 3.71 4.04 4.44
1982 0.22 0.97 1.45 1.88 2.37 2.76 3.24 3.96 4.09
1983 (0.33) 1.02 1.37 1.83 2.21 2.65 3.2% 3.36 4.27
1984 (0.33) 0.92 1.32 1.83 2.20 2.87 2.96 3.41 3.72
1985 (0.33) 0.99 1.3% 1.98 2.46 2,72 3.06 3.72 3.80
1986 0.45 0.94 1.36 1.83 2.56 2,83 2.96 23.46 13.78
1987 (0.43) 0.83 1.43 2.00 2.25 2.63 3.02 3.77 4.29
1988 0.42 0.98 1.34 1.68 2.06 2.45 2.97 3.49 3.96
1989 (0.53) 0.89 1.48 1.79 2.21 2.57 3.24 13.56 3.82
| 1990 0.64 0.97 1.46 1.80 2.11 2.58 2,82 3.17 4.16

Data '1963-1979 from Clark et al. (1982); data 1980-present current asseq
Gavaris and Van Eeckhaute (1991). '
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: Table 10. Mean weight at age at spawning for Georges Bank haddock. Mean weight at
spawning was calculated from mean weight at capture in the commercial catch
using the procedures described by Rivard (1980).

Age

Year 1 2 3 4 5 6 i 8 9+

1963 0.472 0.767 1.072 1.392 1.536 2.035 2.217 2.673 3.100
1964 0.426 0.688 0.987 -1.299 1.553 1.838 2.272 2.491 2.970
1965 0.517 0.587 0.925 1.230 1.545 1.807 2.131 2.527 3.110
1966 0.528 0.651 0.784 1.139 1.515 1.859 2.130 2.547 3,180
167 0.596 0.637 0.833 1.025 1.338 1.867 2.187 2.463 3.100
1968 0.513 0.731 0.857 1.120 1.361 1.727 2.181 2.460 2.860
1969 0.333 0.678 0.944 1.332 1.520 1.768 2,300 2.634 3.630
1970 0.589 0.813 0.975 1.457 1.924 2.045 2.266 2.85%3 3.750
1971 0.540 0.858 1.290 1.457 2.148 2.481 2.642 2.828 13.720
1972 ©0.481 0.831 1.339 1.635 2.052 2.642 2.932 3.169 3.660
1973 0.451 0.799 1.276¢ 1.925 2.217 2.822 3.160 3.437 3.940
1974 0.617 0.797 1.369 1.915 2.455 3.010 3.650 3.661 4.260
1975 0.491 ©0.840 1.314 2.006 2.259 2.884 3.878 4.050 4.330
1976 0.342 0.783 1.167 1.801 2.425 2.603 3.294 4.322 4.940
1977 0.398 0.731 1.194 1.737 2.331 2.922 3.575 3.842 4.990
1978 0.386 0.706 1.267 1.714 2.461 2.951 3.289 3.871 5.1l1l0
1979 0.398 0.728 1.097 1.741 2.263 2.960 3.472 3.574 4.870
1980 0.437 0.706 1.100 1.488 2.094 2.660 3.362 3.668 3.870
1981 0.247 0.692 1.080 1.488 1.99% 2.429 3.235 3.814 4.440
1982 0.102 0.615 1.123 1.527 2.083 2.5%20 2.969 3.833 4.090
1583 0.198 0.474 1.153 1.629 2.038 2.506 2.9%5 3.299 4.270
1984 0.191 0.551 1.160 1.583 2.006 2.429 '2.801 3,329 3.720
1985 0.196 0.%72 1.131 1.617 2.122 2.446 2.85%58 3,318 3.800
1986  0.331 0.557 1.160 1.595 2.251 2.639 2.837 23.254 3.780
1987 0.285 0.611 1.159 1.649 2.029 2.5%95 2,923 3.341 4.290
1988 0.289 0.649 1.055 1.550 2.030 2.348 2.795 3.247 3.960
1989 0.392 0.611 1.204 1.549 1.927 2.301 2.817 3.252 3.820
1990 0.571 0.717 1.140 1.632 1.943 2.388 2.692 3.205 4.1680
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Table 11. Percentage mature of female Georges Bank haddock.
Age

Year 1 2 3 4+ Source

: 1963 0 a 78 100 Clark (1959)

i 1964 0 o] 78 100 Clark (1959)
19865 0 0 78 100 Clark (1959)
1966 0 0o . 78 100 Clark (1959)
1987 0 0 78 100 Clark (1959)
1968 0 28 78 100 Clark et al. (1982)
1969 0 28 76 100 Clark et al. (1982)
1970 0 28 76 100 . Clark et al. (1982)
1971 0 28 76 100 Clark et al. (1982)
1972 0 28 76 100 Clark et al. (1982)
1973 0 34 92 100 Clark et al. (1982
1974 ¢] 34 92 100 Clark et al. (1982)
1975 o] 34 92 100 Clark et al. (1982)
1976 0 34 92 100 Clark et al. (19831)
1977 0 61 100 100 - Overholtz (1987)
1978 0 26 99 100 Overholtz (1987)
1979 0 8 71 1c0 Overholtz (1987}
1980 0 41 100 100 Overholtz (1987)
1981 Q 52 94 100 Overholtz (1987}
1982 0 il 67 100 Overholtz (1987)
1983 0 -1 39 100 Overholtz (1987}
1984 12 33 94 100 O’Brien (pers. comm.)
1985 26 17 97 100 O‘Brien et al. (1991)
1986 26 77 97 100 O’Brien et al. (1991)
1987 26 77 97 100 O’Brien et al. (1991)
1988 26 77 97 100 O’Brien et al., (1991)
1989 26 77 97 100 O‘Brien et al. (1991)

1990 26 77 97 100 O’Brien et al. (1991)
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able 12. Commercial CPUE indices derived from GLM analysis for Georges Bank haddock

1964-1%90.
No interaction All interactions Ly
model except those -
involving vear :
Year log, transformed log, transformed
1964 1.765 5.84 1.771 5.88
1965 1.500 4.48 1.520 4.57
1966 3,712 40.93 3.752 42.861
1967 2.653 14.20 2.681 14.60
1968 2.282 9.79 2.268 9.56
1969 _ 0.517 1.68 0.527 1.69
1970 0.708 2.03 0.740 2.10
1971 0.102 1.11 0.115 1.12
1972 0.347 1.41 0.385 1.47
1973 ~0.894 0.41 -0.871 0.42
1974 ~2.852 0.06 -2.831 0.06
1975 -1.008 0.36 -0.997 0.37
1976 0.217 1.24 0.258 1.29
1977 2.547 12.77 2.604 13.51
1978 0.777 2.17 0.828 2.29
1979 1.007 2.74 1.056 2.87
1980 0.775 2.17 0.825 2.28
1981 2.572 13.09 2.651 14.17
1982 1.711 5.53 1.755 5.78
1983 1.384 3.99 1.439 4.21
1984 ' 1.243 3.47 1.285 3.61
1985 0.718 2.04 0.750 2.12
1986 0.571 1.77 0.589 1.80
1987 0.076 1.08 0.087 1.09
1988 -0.030 0.97 =0.009 0.99
1989 -0.327 0.72 -0.314 0.73

1930 0.000 1.00 0.000 1.00
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Table 13. Commercial CPUE indices computed from unweighted mean of cell pg,,.
Georges Bank haddock 1964-1990. e
CPUE (lbs/day fished) Standardized
CPUE
Year TC 3 TC 4 TC 3 TC 4
1964 28324 56257 15.83 23.96
1965 32516 65476 18.17 27.89
1966 32309 55018S 18.05 23.43
1967 22638 41331 12.6% 17.60
1968 20043 35450 11.20 15.10
1969 17612 29469 9.84 i2.55
1970 9272 17090 5.18 7.28
1971 8066 14540 4.51 6.19
1972 5513 8662 3.08 3.69
1973 4381 7211 2.45 3.07
1974 a2sl 4419 1.82 1.88
1975 4739 7201 2.65 3.07
1976 3954 5153 2,21 2.20
1977 8538 10831 4.77 4.61
1578 11300 16099 6.31 6.86
1979 9826 14399 5.49 6.13
1980 8965 16076 5.01 6.8%
1581 9873 16872 5.52 7.19
1982 6445 12695 3.60 5.41
1983 470% 8675 2.63 3.70
1984 4296 7311 2.40 3.11
1985 2633 4104 1.47 1.75 :
1986 2601 5561 1.45 2.37 4
1987 1865 2434 1.04 1.04 |
1988 1650 3352 0.92 1.43 :
1989 1254 1789 0.70 0.75

1990 1789 2348 1.00 1.00
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Stratified mean catch per tow (numbers) for haddock in NEFC offshore spring

regearch vessel bottom trawl surveys on Georges Bank (Strata 13-25, 29-30), 19&8-~
1990.

Unadjustsd for changes in gear usage

Age group
[} 1 2 3 4 8 -] 7 8 9+ Total Totai 1 +
0.00 0.27 1.90 o3 0.47 4.51 1.13 0.17 0.30 0.23 9.29 9.29
0.00 0.00 0.05 0.39 .17 0.28 2.84 Q.69 0.19 0.3 492 4.92
0.00 0.45 0.17 Q.00 0.22 0.3 0.31 1.34 0.68 Q.57 4.03 4.03
0.00 0.00 0.78 0.17 0.00 0.08 0.08 Q.08 0.55 Q.18 1.87 1.87
0.00 2.70 .08 o4 0.08 0.02 0.03 0.09 0.02 0.87 4.28 4.28
0.00 20.59 3.2% 0.00 0.38 0.08 0.00 0.12 0.01 .88 25.25 25.25
0.00 1.43 8.82 1.92 0.00 0.18 0.00 0.01 0.07 .25 12.78 12.76
0.00 0.63 0.6% 2.23 0.42 0.00 Q.09 0.08 0.01 0.10 4,19 4.19
0.00 54.22 0.20 0.40 0.82 0.29 Q.00 0.03 Q.00 0.07 £5.83 55.83
0.00 0.41 22,42 0.28 0.82 0.40 0.30 0.00 0.03 0.08 24.74 24.74
0.00 Q.05 0.65 10.69 0.24 0.63 0.55 0.1 0.04 0.07 13.03 13.03
0.00 24.24 1.08 0.7¢ 3.83 0.22 a.11 0.25 0.04 0.03 30.54 30.54
0.00 3.49 31.34 C.34 0.70 3.27 0.45 0.28 0. Q.18 40.31 40.0
0.00 2.70 2.63 15.85 1.79 0.62 1.48 0.20 0.09 0.04 25.54 25.54
0.00 0.62 1.286 0.77 3.33 0.34 G.23 0.50 0.00 0.00 7.04 7.04
0.00 0.29 0.37 0.3 Q.15 1.82 0.1 0.03 0.78 012 3.78 .76
0.00 1.40 0.79 0.43 0.42 0.39 0.48 Q.05 0.03 0.20 4.19 4.19
0.00 0.00 4.968 0.76 0.40 .87 0.34 1.17 0.10 0.25 8.85 8.8%
0.00 2.49 0.18 2.08 0.24 on .21 Q.12 0.33 0.1 S.85 5.85
0.00 0.00 3.62 0.08 0.81 0.08 0.10 0.08 0.22 0.01 4.95 4.9%
0.00 1.58 0.04 0.99° 0.13 0.32 0.12 on 0.12 0.00 3.38 3.38
0.00 0.03 4.28 0.58 0.87 0.17 0.80 0.07 0.08 0.01 8.52 8.52
0.00 1.05 0.00 68.97 0.40 oM 0.07 0.18 0.00 0.01 9.37 9.37
0.00 0.88 1.30 0.29 226 0 oM 0.12 0.03 0.05 0.02 4,34 4.84

Adjusted for changes in gear usage

0 1 2 3 4 5 ) 7 8 _9+ Total  Total 1+
0.00 0.44 3.10 0.51 0.77 7.36 1.85 0.28 0.49 0.38 15.17 15.17

£ 0.00 0.00 0.08 0.84 0.28 0.48 4.64 1.13 0.31 0.51 .03 8.03

. 0.00 0.73 0.28 0.00 0.38 0.51 0.51 2.19 1.08 0,93 8.58 6.58
0.00 0.00 1.27 0.28 0.00 0.13 0.13 0.10 0.90 0.24 3.08 3.05
0.00 4.4 0.10 0.87 0.13 0.03 0.0% 0.15 0.03 1.42 8.99 8.99
0.00  332.82 5.31 0.00 0.59 0.10 0.00 0.20 0.02 1.40 41.23 41.23
0.00 2.34 1457 3.14 0.00 0.26 0.00 0.02 0.11 0.41 20.84 20.84
0.00 1.03 1.06 3.84 0.89 0.00 0.15 0.10 0.02 0.18 8.94 8.84
000  88.54 0.33 0.65 1.01 0.47 0.00 0.05 0.00 0.1 9117 917
0.00 0.87 3881 0.48 1.34 0.88 0.49 0.00 0.05 0.13 40.40 40.40
0.00 0.08 108  17.48 0.39 1.03 0.90 0.18 0.07 0.11 21.28 21.28
0.00 39.58 1.73 1.24 8.25 0.38 0.18 0.41 0.07 0.05 49.87 49.87
0.00 57¢ 5118 0.56 1.14 5.34 0.73 0.41 0.51 0.268 65.83 85.83
0.00 a7e 374 2219 2.49 0.88 2.03 0.28 0.13 0.08 35.53 35.53
0.00 o.se 1.74 1.07 4.83 0.47 0.32 0.70 0.00 0.00 9.79 9.79
000  .0.47 0.80 0.84 0.24 2.65 0.02 0.08 1.27 0.20 8.14 6.14
0.00 2.29 1.29 0.70 0.89 0.84 0.78 0.08 0.0% 0.33 8.84 8.84
0.00 0.00 496 076  0.40 0.87 0.34 117 0.10 0.25 .85 8.85
0.00 2.49 0.8 2.08 0.24 0.11 0.21 0.12 0.33 0.11 5.85 5.85
0.00 0.00 3.62 0.08 0.81 0.08 0.10 0.08 0.22 0.01 495 4.95
0.00 1.55 0.04 0.99 c.13 0.32 0.12 0.11 0.12 0.00 338 338
0.00 0.03 3.63 0.47 0.74 0.14 043 0.6 0.05 0.01 5.56 5.58
0.00 0.89 0.00 5.94 0.34 0.60 0.08 0.14 0.00 0.01 7.98 7.98

0.00 0.58 1h1 0.25 1.93 0.09 0.10 0.03 0.04 0.02 413 4.13
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Table 15. Stratified mean catch per tow (numbers) for haddock in NEFC offshore
research vesgel bottom trawl surveys on Georges Bank (Strata 13-2%,
1963-19%0.
Unadjusted for changes in gear usage
Age group
Year o 1 2 3 4 5 8 7 8 9+
1983 56.33 17.04 6.18 4.57 5.60 3.39 1.37 1.13 0.7% .31
1964 1.59 75.7% 42.78 3.91 1.20 2.58 1.05 0.48 0.7 0.22
1265 0.22 6.82 51.94 6.51 0.72 0.54 0.81 0.54 0.17 0.18
1366 4.12 0.64 1.94 12.34 2.2% 0.35 Q.33 0.22 0.08 0.08
1967 0.02 4.51 0.24 0.87 4.54 1.09 0.33 0.14 0.22 0.12
1968 Q.08 0.04 0.64 0.09 0.22 2.59 0.8% 0.18 0.11% 0.26
1969 0.28 0.02 0.00 0.19 0.09 0.1 1.02 0.34 0.06 0.18
1970 0.03 2.77 Q.14 Q.01 0.19 0.18 0.34 0.92 0.32 0.27
1971 1.63 0.00 o c.05 0.01 0.15 0.02 .08 0.50 0.19
1972 4563 1.69 Q.00 0.35 0.08 ©.00 0.08 0.04 0.02 0.87
1873 217 6.04 1.08 Q.00 0.13 0.03 0.00 0.08 0.01 0.48
1374 0.50 1.19 0.68 0.21 0.00 0.01 0.00 0.00 0.00 0.1%
1975 15.76 0.42 0.48 3.28 0.82 0.00 0.02 0.00 Q.01 0.20
1976 2.90 43.07 0.35 0.38 055" 0.2¢ 0.00 0.03 Q.07 c.17
1977 .11 1.7 15.33 0.46 0.47 0.52 0.28 0.03 a.,m 0.07
1978 10.82 0.69 0.85 7.59 0.156 0.21 0.37 0.01% 0.00 0.01
1979 1.08 37.29 0.03 0.74 3.12 0.21 0.23 0.04 0.0% .00
1880 9.586 2.22 10.41 0.37 0.18 1.39 0.39 0.38 0.07 0.08
1983 0.31 5.02 1.70 3.03 0.147 0.34 0.43 0.00 0.00 0.01
1982 o.M Q.00 0.89 0.23 0.94 0.09 0.08 Q.14 0.0 0.07
1983 3.89 0.18 0.14 0.18 0.20 0.63 0.08 0.00 Q.07 0.01
1984 0.02 2.23 0.9 0.18 0.19 0.04 0.30 0.00 0.00 0.08
1985 11.38 0.85 1.583 0.22 0.0% 0.10 0.07 0.7 0.00 0.08
1986 0.00 5.11 0.09 1.21 0.06 0.13 0.13 0.02 0.03 0.03
1987 1.80 0.00 0.7¢9 0.10 0.77 0.08 0.08 0.02 0.02 0.00
1988 0.07 3.02 0.18 1.30 0.12 0.40 0.12 0.1 0.00 0.03
1989 0.57 0.06 3.30 0.24 0.81 on Q.18 0.02 Q.02 0.00
1990 0.94 0.82 0.03 1.4% C.08 0.21 0.08 0.00 Q.00 0.00
Adjustad for changes in gear usage
Yaar o] 1 2 3 4 5 -3 7 k] 9+
1963 91.98 27.83 10.11 7.48 8.14 6.52 2.24 1.85 1.29 0.51
1364 2.60 123,70 69.86 8.329 1.96 4.18 1M Q.75 0.28 0.38
1965 0.38 11.14 84.82 10.63 1.18 0.88 1.00 0.88 0.28 0.29
1988 8.73 1.08 3.17 20.1% 3.87 0.57 0.54 0.38 0.13 0.08
1987 0.03 7.38 0.39 1.08 7.41 1.78 0.54 0.23 0.36 0.20
1988 0.10 0.07 1.086 0.1% 0.36 4,23 1.39 0.29 0.18 0.42
1969 0.42 0.03 0.00 0.31 0.18 0.18 1.87 0.58 0.10 0.29
1970 0.05 4.52 0.23 0.02 0.31 0.29 0.58 1.50 0.52 0.44
1971 2.68 0.00 0.34 0.08 0.02 0.24 0.03 0.10 0,82 0.31
1372 7.40 2.78 0.00 0.57 0.1Q 0.00 0.10 0,07 0.03 1.42
1973 .54 9.86 1.7¢ 0.00 0.21 0.05 0.00 0.08 0.02 0.78
1974 0.82 1.94 1.08 0.34 0.00 0.02 0.00 .00 0.00 0.24
1875 25.74 0.69 0.78 532 1.01 0.00 0.03 0.00 0.02 0.33
1978 4.74 70.33 0.57 0.59 0.90 0.33 0.00 0.08 a.11 0.28
1977 0.1% 2.43 21.32 . 0.64 0.65 0.72 0.39 0.04 0.01 0.10
1378 15.05 0.96 1.18 10.58 0.21 0.29 0.51 0.0 0.00 0.01
1879 1.80 51.87 0.04 1.03 4.34 0.29 0.32 0.08 0.01 0.00
1980 13.30 3.09 14,48 0.51 0.21 1.93 0.54 0.53 0.10 0.07
1981 0.43 6.98 2.38 4.2 0.24 0.47 .80 0.00 0.00 0.01
1982 1.49 0.00 1.45 0.38 1.54 0.15 0.08 0.23 0.02 0.11
1983 6.35 0.28 0.23 0.29 0,33 1.03 0.13 0.00 0.11 0.02
1984 0.03 .84 0.98 0.28 0.3 0.07 0.49 0.00 0.00 0.13
1985 11.356 0.85 1.53 0.22 0.08 Q.10 0.07 0.17 0.00 0.0%
1988 0.0 5.1 0.09 1.21 0.0¢ 0.13 0.13 0.02 0.03 0.03
1987 1.08 0.00 0.79 0.10 0.77 0.08 .08 0.02 0.02 0.00
1938 0.07 3.02 0.18 1.30 0.12 0.40 0.12 0.11 0.00 0.03
1989 0.49 0.08 2.81 0.20 0.69 0.09 0.14 0,02 0.02 0.00
1390 0.80 0.70 0.03 1.24 0.05" 0.18 0.04 0.00 0.00 0.00
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Stratified mean catch per tow (numbers) for haddock in Canadian offshore research
vessel bottom trawl surveys on Georges Bank, 1986-1990.

1

Age group
5 8

7 8 9+ Total Total 1+
0.00 4.08 0.22 6.05 1.07 0.19 0.29 0.34 0.37 0.42 13.01 13.01
0.00 Q.03 3.04 0.89 2.51 0.87 C.08 0.30 0.10 Q.88 8.28 3.28
0.00 1.47 0.08 8.50 Q.17 2.88 c.18 Q.17 0.11 0.50 14.03 14.03
0.00 0.03 5.20 0.07 2.08 .18 0.42 Q.03 0.03 0.23 g.24 8.24
0.00 0.93 0.11 9.86 0.13 3.8 0.23 1.09 0.13 0.34 16.18 18.18
0.00 0,76 1.88 0.14 8.92 0.11 1.58 0.09 0.44 0.19 13.91 1391

3, parsonal communication.
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Table 17. Estimates of population abundance (000's) at age of Georges Bank p,,
from ADAPT. aeé
Age Group’ B
1 2 3 4 5 6 7 8 9 _Total y
1963 190696 322865 32742 45819 29030 9186 5595 2794 4217 352345
1964 471862 153496 22755 20095 27423 16350 5526 3309 4251 725068
1965 33152 377188 111253 14509 12131 14560 8144 2640 3258 576835°
19686 4136 18455 194971 50825 7033 5959 2867 3254 2201 2927;
1967 12948 3283 8918 68412 24269 3254 2534 2694 2031 128343
1968 422 9560 2536 4686 37311 10515 1570 1176 2163 699133
1969 988 338 5118 1435 2098 17410 5443 682 1711 35224
1970 4658 807 267 2654 769 1126 8867 3032 1873 24054
1971 368 3772 518 204 1657 462 728 5171 3241 16121
1972 8508 00 1844 222 131 1095 158 338 6301 18894
1973 19403 6825 244 1103 109 78 788 57 1676 3028
1974 10521 13569 3710 197 554 41 37 576 2695 31900
1975 7634 8572 7201 2443 160 390 32 28 621 27081
1976 103025 6077 6083 4209 1861 127 281 22 622 122106
1977 13704 84219 4547 4483 2650 1164 104 209 593 111673
1978 6018 11219 51232 3554 3055 1703 630 82 388 77881
1979 83600 4926 8497 28920 2634 1988 927 390 186 132067
1980 10011 68445 4010 5395 17191 1681 1257 474 249 108712
1981 7112 8189 27988 2969 3535 8597 839 538 316 60078
1982 2423 5822 5128 12963 1679 2046 4711 387 399 35558
1983 2849 1983 3712 2721 7236 1021 1160 2845 268 23794 |
1984 16570 2333 1430 2304 1603 3898 590 782 1575 31084
1985 1521 13566 1826 902 1228 953 1851 271 524 22642
1388 14253 1245 8930 997 563 588 574 1039 233 28423
1987 370 11664 971 4769 6l1% 329 328 334 422 20398
1988 17153 794 7744 678 2445 393 203 186 305 29901 |
1989 320 14040 603 4183 434 1159 187 116 186 21229
1990 4573 262 10352 416 2632 226 625 111 118 19316
1991 4149 3743 204 7176 196 1366 a7 354 113 17396
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Table 1B. Estimates of instantanecus fishing mortality (F} at age of
Georges Bank haddock from ADAPT.

Age Group

1 2 3 4 S 6 7 8 9
1963 0.02 ©.15 0.29 0.31 0.37 0.31 0.33 0.34 0.34
1964 0.02 0.12 0.25 0.30 0.43 0.50 0.54 0.42 0,42
1965 0.39 0.46 0.58 0.52 0.51 @.71 0.72 0.61 0.61
1966 0.03 0.53 0.85 0.54 0.57 0.66 0.58 0.56 0.56
1967 0.10 0.06 0.44 0.41 0.64 0.53 0.57 0.47 0.47
1368 0,02 0.42 0.37 0.60 0.56 0.46 0.63 0.55 0.55
1969 0.00 0.04 0.46 0.42 0.42 0.47 0.39 0.45 0.45
1970 0.01 ©.24 0.07 0.27 0.31 0.24 0.34 0.32 0.32
1971 0.00 0.52 0.65 0.24 0.21 0.89 0.57 0.38 0.38
1972 0.02 0.01 0.31 0.52 0.32 0.13 0.81 0.24 0.24
1973 ©0.16 0.41 0.01 0.49 0.78 0.55 0.11 0.35 0.35
1974 0.00 0.43 0.22 0.01 0.1%5 ©.06 0.06 0.11 O0.11
1975 0.03 0.14 0.34 0.19 0.03 0.13 0.15 0.17 G.17
1976 0,00 0.09 0,11 0.26 0.16 0.00 0.09 0.22 0.22
1977 0.00 0.30 0.05 0©.18 0.24 0.41 0.04 0.23 0.23
1978 0.00 0.08 0.37 0©0.10 0.23 0.41 ©0.28 0.21 0.21
1979 0.00 0.01 0.25 0.32 0.25 0.26 0.47 0.32 0.32
1980 0.00 0.6% 0.10 0.22 0.49 0.50 0.65 0.44 0.43
1981 0.00 0.27 0.57 0.37 0.35 0.40 0.57 0.40 0.40
1982 0.00 0©.25 0.43 0.38 0.30 0.37 0.30 0.36 0.36
1983 0.00 0.13 0.28 0.33 0.42 0.35 0.20 0.37 0.37
1984 0.00 0.05 0.26 0.43 0.32 0.55 0.58 0.47 0.47
1985 0.00 0.22 0.40 0.27 0.54 0.31 0.38 0,38 0.38
1986 0.00 0.05 0.43 0.28 ©0.34 0.39 0.34 0.33 0.33
1987 0.00 0.21 0.16 0.47 0.25 0.28 0.36 0.43 0.43
1988 0.00 0.08 0.42 0.25 0.55 0.54 0.36 0.48 0.48
1989 0.00 0.10 0.17 0.26 0.45 0C.42 0.32 0.31 0.31
1990 0.00 0¢.0% 0.17 0.55 0.46 0.564 0.37 0.51 0.51
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Table 19. Yield per recruit analysis for Ceorges Bank h

and weight at age data from 1963-1367.

The NEFC Yield and Stock Size per Recruit Program - POBYPRC
PC Ver,1,1 [Method of Thompson and Bell (1934)] 1-0CT-1991
Run Date: 28- 1-1992; Time: 14:21:51.58
GEORGES BANK HADDOCK MATURITY 1963-1967

Proportion of f before spawning: .2300
Proportion of M before spawning: .2500
Natural Mortality is Constant at: .200

Initial age is: 1; Last age is: 9
Last age is a PLUS group;
Original age-specific PRs, Mats, and Mean Wts from file:

==> KADDY.DAT
Age-specific Input data for Yield per Recruit Analysis
Age | Fish Mort Nat Mort | Proportion | Average Weights
Pattern Pattern Mature Stock Catch
1 .000% 1.0000 L0000 .508 578
2 .1758 1.0000 .0000 N 754
3 4031 1.0000 .7800 920  1.034
4 1.0000 1.0000 1.0000 1.217  1.338
5 1.0000 1.0000 1.0000 1.497  1.622
6 1.0000 1.00090 1.0000 1.881 2,054
7 1.0000 1.0000 1.0000 2.187 2.320
8 1.0000 1.0000 1.0000 2.540 2.T7%
o 1.0000 1.0000 1.0000 3.092 3.092
Summary of Yield per Recruit Analysis for:
GEORGES BANK HADDOCK MATURITY 1943-19467
Slope of the Yield/Recruit Curve at F=0.00: -->»  6.7383
F level at slopes1/10 of the above siope (F0,1): ----- > .233
Yield/Recruit corresponding to FO.§: ----- > 5654
f level to produce Maximum Yield/Recruit (Fmex): ----- > .319
Yield/Recruit corresponding to Fmax: ----- > 5470
F level at 30 X of Max Spawning Potential (F30): ++=-- > 320
$SB/Recruit corresponding to F30: -------- > 2.0667
1
Listing of Yield per Recruit Results for:
GEORGES BANK HADDOCK MATURITY 1963-1967
FMORT  TOTCTHN TOTCTHW TOTSTKN TOTSTKW SPNSTKM SPNSTKW X MsP
.000 .00000 .00000 S5.5167 8.4314 3.3773 4.889%2 100.00
.050 212517 .25252 4.8934 6.7273  2.TS4T 5.2073 .59
.100 L20922 39708 4.4756 5.6339 2.3376  4.1326 59.99
-150 L26976  L4BATS  4.1752 4.8825 2.0381 3.397 49.31
200 31561 .S4012 3, 4,3399 1.3120 2.8581 41.63
FO.1 .,233 34018  .56538 3.8269 4.0606 1.6912 2.5965 37.69
.250 L5166  STS04 3.7703  3.9330 1.6349 2.4730 35.90
300 SB000 59983 3.6267 3.61886 1.4922 2.1688 31.48
F30% .320 9008 60696  3.5768  3.5128  1.4428  2.0647 30.00
.350 AT 41580 3.5080 3.3695 1.37T4S  1.9287 28.00
.400 LAI53A 62662 3.4080 3.1680 1.2755 1.7352 5.19
450 A3 63396 3.3225  3.0021  1.1911 1.5763 2.58
.500 L5008  LA3894 3.2483 2.8633 1.1180  1.4439 20.96
.550 LATIAE 64227 3.1832 2.7456 1.0540 1.3320 19.13
.500 AE330 64446 31255 2.6446 997 1.2382 17.9%6
.650 49395 64582  3.0739 2.5549 T2 1.1534 16.76
.700 LS0357 (64680 3.02T4  2.480 L9019 1.0811 15.69
.750 51231 (64696 2.9852 2.4123 8610 1.0175 14.77
.800 52032 64702 2.9467 2.3518 8238 96190 13.95
Fmax .319 52316 64698 2.9331 2.3308 .8107 9413 13.66
.850 52768 64486 2.9113  2.2976 7898 905 13.22
.900 53449 64653 2.37MT7 2.2485 7585 8630 12.56
950 S4081 (66610  2.8484  2.2041 297 8239 11.96
1.000 S4670 64558 2.8203 2.1435 .7029 .T845 11.42

addock using maturity
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Table 20. Yield per recruit analysis for Georges Bank haddock usxng maturxty
and weight at age data from 1368-1983.

The NEFC Yield and Stock S1ze per Recruit Program - PDBYPRC
PG Ver.1.1 (Method of Thompson and Bell (1934)) 1-0CT-1991

Run Date: 28- 1-1992; Time: 14:22:30.63
GEORGES BANK HADDOCK MATURITY 1968-1983

Propartion of F before spawning: 2300

proportion of M before spawning: .2500

Natural Hortaltty is Constant at: .200

[nitial age is: 1; Last age is: @

Last age is a PLUS group;

Original age-specific PRs, Mats, and Mean Wts from files
==> HADDZ.DAT

Age | Fish Mort Nat Mort | Proportion | Average Weights

Pattern Pattern Mature Stock Catch
1 .0005 1.0000 .0000 .408 .539
2 178 1.0000 .3200 738 987
3 L4031 1.0000 .8200 1.159 1.39%
4 1.0000 1.0000 1.0000 1.623 1.9
5 1.0000 1.0000 1.0000 2.102 2.344
6 1.0000 1.0000 1.0000 2.558 2.a81
7 1.0000 1.6000 1.0000 3.075  3.354
8 1.0000 1.0000 1.0000 3.457 3.638
9+ 1.0000 1.06C00 1.0000 &.171 4.1

Summary of Yield per Recruit Analysis for:
GEORGES BANK HADDOCK MATURITY 1968-1983

Slope of the Yield/Recruit Curve at F=0.00: -->  9.2776

F tevel at slope=1/10 of the sbove siope (FO.1): ----- > .235
Yield/Recruit corresponding to F0.1; ----- > 7915

F level to produce Maximm Yield/Recruit (Fmax): =«<<+> 23
Yield/Recruit corresponding to Fmax: <++==> 9048

F level at 30 X of Max Spawning Potential (F30): ----- > 339
$SB/Recruit corresponding to F30: -------- > 2.8624

Listing of Yield per Recruit Results for:
GEORGES BANK HADDOCK MATURLITY 1968-1983

.050 12517 .34906  4.8934 B8.6786 3.0285 7.2607 76.10
-100 L20922 55072 44756 T.1946  2.6106  5.8010 60.80

.150 L269T6  LAT42S 41752 61733 2.3101  &.8005 50.31
200 31561 75296 3.9483 5.4349 2.0831 4.07v8 42.76
FO.1 235 34187 T9AT 38185 S.0284  1.9534  3.6844 3a8.62
.250 L3316 80450 3.7703  4.8505  1.9052 3.5408 3.1
.300 30080  ASBAY  3.6267  4.4517  1.7616 3.152 32.75
F30x .339 40006 .A5TTS  3.5321  &.1797  1.6671  2.8624 30.00
.350 AQA9S 86206 3.5000 4.1117  1.6430 2.7968 9.3
-400 AA53  A7TTT  3.4080 3.8385 1.5432 2.5319 26.54
450 44283 ARy 3.3225  3.4098  1.4579 2.3143 24.26
.500 LAS804  LBOS4A3  3.2488  3.4202 1.3439 2.1327 .33
.550 ATIN2 89999 31832 3.2594  1.3191  1.9™WR 20.74%
500 48330 90276  3.155 3.1214  1.2618 1.5479 19.37
.650 49395 90425 3.0739  3.0017  1.2106  1.7342 18.18
.700 .50357 (90481 3.0276 2.3969 1.1645 1.6350 17.14
Feex .723 J50769 (90483  3.0075 2.8530 1.1448 1.5935 16.70
.730 S1231 0 90669 2.9852  2.8043 1,128 1.5478 16.22
800 S2032 D047 2.9467  2.7219  1.0848  1.4700 15.41
850 52768  .90308 2.9113  2.5481 1.0499  1.4007 14.68
500 53449 90182 2.8787 2.58%% 1.0179 1.3383 14.03
950 54081 .90036 2.8484 2.5209 9882 1.2819 13.43
1.000 54670 89476 2.8203 .2.4658 9607 1.2305 12.9¢
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Table 21. Yield per recruit analysis for Georges Bank haddock using

and weight at age data from 1985-1990.

The NEFC Yield and Stock Size per Recruit Program - POBYPRC
PC Ver.1.1 (Method of Thompson and Bell (1934)]1 1-0CT-199%
Run Date: 28- 1-1992: Time: 14:23:09.41
GEORGES BANK HADDOCK MATURITY 1985-1990

Proportion of F before spawning: .2500
Proportion of M before spawning: .2500
Naturat Mortality is Constant at: .200

Initial age is: 1; Last age is: 9

Last age is a PLUS group;

Original age-specific PRs, Mats, and Mean Wts from file:
==> HADD3.DAT

............................................................

------------------------------------------------------------

Age | Fish Mert Nat Mort | Proportion | Average Weights
Pattern Pattern Mature Stock Catch

1 0005 1.0000 L2600 344 467
2 L1758 1.0000 7700 .4620 933
3 L4031 1.0000 9700 1.142  1.410
4 1.0000 1.0000 1.0000 1.599  1.847
S 1.0000 1.0600 1.0000 2.050 2.275
& 1.0000 1.0000 1.0000 2.453  2.630
7 1.0000 1.0000 1.0000 2.820 3.012
8 1.0000 1.0000 1.0000 3.270 3.528
9+ 1.0000 1.0000 1.0000 3.968 3.968

Sumary of Yield per Recruit Analysis for:

GEORGES BANK WADDOCK MATURITY 1985-1990

slup: of the Yield/Recruit Curve at F=0,00: --> 8.8052

F Level at slope=i/10 of the sbove slope (FG.1): ~----- > 260
Yield/Recruit corresponding to FO.1z ----- >

F level to produce Maximm Yield/Recruit (Fm)' ----- > 819
Yield/Recruit corresponding to Fmax: ----- B

F level at 30 X of Max Spawning Potential (FSO). ----- » 395
§$$B/Recruit corresponding to F30: -------- > 2.8530

----------------------------------------------------------------------------

Listing of Yield per Recruit Results for:
GEORGES BANK HADDOCK MATURITY 1985-1990

----------------------------------------------------------------------------

. P S S S N g P -

000 00000 .00000 5.5167 10.3935 4.3454 9.5115 00.00
.050 L2517 33138 48934 8.1989  3.T199  T.3420 7.9
LA00 20922 5319 44756 6.7888  3.2998 5.9527 62.58
150 26076 GATIT 4.1752  5.8183  2.9973 4.9995 52.56
. L1561 71671 3.9483  S.1164 2.7683  4.3121 45.34
FO.1 .240 JS4519 75836 3.M022 4.5819 2.6206 3.8877 40.87
.250 5166 (76667 3.TT03  4.5892 2.5883 3.79T2 39.92
.300 38000 D004 3.5267 4.1B811 2.4427 3.3995 35.74
.350 LHOA95 82365  3.5000 3.857¢ 2.3222  3.0845 32.43
F30% .395 LAENS  (A3BA1 34173 3.6188 2.2299  2.8530 30.00
) 400 LM 3977 3.4000 35948 2.2204  2.8297 29.75
450 L4208 55104 3,328 33785 2.1331 2.619%9 27.54
.500 LA5006 (85090 3.2483  3.1972 2.0573  2.44ké 25.70
.550 L7142 (B6A35  3.1832 3.0433  1.9906 2.2955 24.13
. AXI30 (84805 3.125% 2.1 19313 2,187 2.7%
650 49395 BTOA7  3.0739 2.7962  1.8782  2.0367 21.82
. .50357  .A7196  3.0274 2.6955 1.8303 1.7595 20.60
<730 L1231 A7249  2.9852 2.6066 1.T86B 1.5735 19.70
.800 L52032  LA7291 2.9467 2.5270 1.7469 1.7970 18.89
fmax 819 52316  .ATetT  2.9331  2.4993  1.T328  1.7703 18.61
-850 52768 AT2T2 209113 2.4557 1.T103 1. 7283 18.17
-$00 53449 L8721 2.8787 2.3913  1.6764  1.6663 17.52
. 54081 A7145 2.8484 2.3328 1.6450 1.6099 16.93
1.000 LS4670  LB7051  2.8203  2.27T93 1.6157  1.538% 16.39

maturity
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rable 22. Projections for Georges Bank haddock using partial recruitment
from 1989-19%0 and maturity and mean weight at age schedules from
1985~19950.
Landings (MT) - SSB (MT)
Recruitment F(1992,1993) 1991 1992 1893 1991 1992 1993
- 1 STD 0.51 7363 5163 4351 16545 13355 10860
Average 0.51 7363 5163 4454 16545 13503 11637
+ 1 STD 0.51 7363 5163 4677 16545 13821 13317
- 1 STD 0.24 7363 2708 2773 16545 14073 13612
Average 0.24 7363 2708 2823 16545 14221 14397
+ 1 STD 0.24 7363 2709 2930 16545 14539 16094
- 1 STD Q.40 7363 4229 3853 16545 13643 11886
Average 0.40 7363 4230 3935 16545 13790 12666

+ 1 STD 0.40 7363 4230 4111 16545 14109 142353
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Quarterly mean age at length (cm) of haddock sampled from the USA
commercial catch, 1984. Eagtern refers to areas 561 and 562;
Western refers to areas 521, 522, 525, 526, 541, 542, 537, 538,
539, and Statistical Area 6.
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Figure 3. Quarterly mean age at length (cm) of haddock sampled from the USA
commercial catch, 198S. Eastern refers to areas $61 and 562;
Western refers to areas 521, 522, 525, 526, 541, 542, 537, S38,
539, and Statistical Area 6.
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Quarterly mean age at length (cm) of haddock sampled from the USA
commercial catch, 1986. Eastern refers to areas 561 and 562;
Western refers to areas 521, 522, 52%, 526, 541, 542, 537, 538,
539, and Statistical Area 6. '
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Figure 5. Quarterly mean age at length (cm) of haddock sampled from the Ugp
_ commercial catch, 1987. Eastern refers to areas 561 and 5627

Western refers to areas 521, 522, 525, 526, 541, 542, 537, 538,
539, and Statistical Area §&.
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Figure 6. Quarterly mean age at length (cm} of haddock sampled from the UsSa
commercial catch, 1988. Eastern refers to areas 561 and 5632;
Western refera to areas 521, 522, 525, 526, 541, 542, 837, sS38,
539, and Statistical Area 6. '
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B Figure 7. Catch per unit effort indices for the USA commercial otter trawl
3 fishery, 1964-1990. Index values are standardized as ratios of
s the 1990 catch (19%0=1.0). GLM refers to CPUE index computed fronp
b a General Linear Mcdel of CPUE with no interaction terms and
including quarter, area and tonnage clasa as main effects. TC 3
refera to unweighted mean of cell means for tonnage class 3 boatg,
where cell means are guarter/area/year combinations. TC 4 referg
to the same for tonnage class 4 boats.
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Figure 9.
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Figure 11. Trends in F at age estimated using ADAPT for Georges Bank haddock, 1963-1 990:
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Figure 12. Comparison of estimates of F on fully recruited age groups (ages 4=
9) and population abundance (age 1l+) derived from ADAPT using
adjusted (for gear changes) and unadjusted NEFSC research vessel
survey indices.
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YIELD PER RECRUIT

Figure 13.

Yield per recruit and spawning stock biomass per

recruit for Georges Bank haddock.
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Figure 14, Three-year projections of {andings and spawning stock biomass for Georges Bank haddock
using average recruitment and mean weight and partial maturity vectors from 1385-1390,
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Appendix A. Estimates of correction factors used to account
for changes in survey gear, including vessels,
- nets and doors.

Introduction

Since the inception of the NMFS/NEFC bottom trawl survey
series several changes in the gear configuration have been made,
Within the time series the gear configuration has included:

1. Use of BMV oval doors from 1963-1984 and Portuguese
polyvalent doors from 198S5-present

2. Use of a 36 Yankee net in all surveys except the spring
surveys conducted from 1973-1981 when a 41 YanKee net
was used.

3. From 1963 to the present, the Albatross IV has
performed most of the surveys. Beginning in 1977,
however, the Delaware II has performed approximately
50% of the cruise/area combinations.

To account for these changes in gear use, several gear
comparison cruises have been conducted. These gear comparison
cruises have focused primarily on the effects that vessel and
door used have on catch. These experiments were designed as
matched-pair experiments where tows using one gear configuration
were approximately replicated in space and time of day with the
alternative gear being studied.

A limited set of experiments have been conducted to evaluate
the difference in fishing power of the 36 Yankee net versus the
41 Yankee net. These experiments, however, were mostly conducted
in Southern New England where the catch of haddock was very low.
Because of this, the effects of changes in net usage have heen
analyzed using intervention analysis.

Methods

In the matched-paired experiments, conversion coefficients
were estimated as the ratio in mean catch (numbers) with one gear
(the standard) to the alternative gear. These ratios were
computed using the following formula from Cochran (1977):

ormils
-




The variance of this estimate was approximated as (Cochran 1977):

(B = L JLy? -2R Lyx + ReLx?
/AR n-1

gefore computation of these estimates, the data were filtered to
include only those pairs of tows where at least one haddock was
captured. This filtering was used in order to avoid artificially
inflating sample size by the inclusion of pairs where both tows
contained no haddock.

Conversion coefficients were computed for three size classes
of haddock in order to evaluate the possiblity of differences in
fishing power by size class. The size classes used were: 0-20
cm, 20-40 cm, and >40 cm.

Intervention analysis was used to estimate and evaluate the
significance of differences in catch rates between the 36 Yankee
net and the 41 Yankee net. Since the 41 Yankee was not used in
the fall survey, the data used were the difference between the
log, of the mean catch in the spring and fall survey. This
difference was computed on only 1+ aged fish since fish in the
age 0 group are vulnerable during the fall survey and not in the
spring. In addition to the intervention analysis, a alternative
estimate of the conversion coefficient was calculated as the
difference between the time periods when the 41 Yankee net was
and was not used, in terms of the mean log, differences between
the spring and fall survey catches of age 1+ haddock.

:Results

Results of the door conversion experiments indicate that the
use of polyvalent doors had a significant effect on the catch
rate of haddock, with the polyvalent doors being approximately
1.6 times more effective than the BMV doors (Table Al). When the
conversion coefficients were computed for each size class,
however, no discernable effect on catch rates of haddock 0-20 cm
was apparent (Table Al). Catches of haddock 20-40 cm and >40 cm
were higher using the polyvalent doors, and were approximately
equivalent. As no difference was detectable in the ratio for
haddock 20-40 cm and >40 cm, a ratio for all haddock >20 cm was
computed (Table Al). Catches of haddock <20 cm occured less
frequently than for haddock >20 cm, and consequently the
precision of the estimated ratio is much less. Since the
estimates for larger haddock were within approximately % 1.5 SE
of the ratio estimated for haddock <20 cm, the estimate for
haddock >20 cm was used. For future applications, the properties
of these estimates should be investigated further.




The vessel comparison experiments indicated a significant
effect of vessel on the catch rate of haddock, with the Albatrogg
IV catching approximately 68% as many haddock as the Delaware 17
(Table A2). As in the results for door conversion factors, the
estimates of conversion coefficients for hadodck in the 0-20 cp
size class differed from that for the 20-40 c¢cm and >40 cm size
classes. The estimates for haddock <20 cm had relatively low
presion and as with the door conversion coefficients, a single
conversion coefficient was applied to all size classes of haddock
(Table A2).

The time series of differences between the spring and fall
surveys indicated no trend over time (Figure Al) for either the
Gulf of Maine or Georges Bank, and regressions of differences in
catch over time were not significant {(a=0.05). Thus, the tinme
series was assumed to be stationary, and the intervention
analysis was performed on data undifferenced in time (years).
Results of the intervention analysis indicated no significant
difference in catch rates using the 41 Yankee net as compared to
the 36 Yankee net. (Table A3). Estimates of conversion
coefficients calculated as the difference between time periods in
the mean differences between spring and fall surveys were very
similar to those obtained in the intervention analysis.
Variances were not computed for this second set of estimates
because of the similarity to point estimates obtained with the
intervention analysis.

Gear usadge and cor;ection fagtors‘agg;ieg

Tables A4 to A7 detail the gear configurations used during
the NEFC bottom trawl surveys in the Gulf of Maine and Georges
Bank and the correction factors applied. 1In all cases, the net
and door used was consistent across the entire survey within a
year/season combination. 1In some cases, however, the Albatross
IV and the Delaware II each performed some portion of a given
survey area. When this occurred, the vessel performing the
majority of tows within the principal strata for haddock was
chosen as the principal vessel for the purposes of applying
correction factors. While it may have been more appropriate to
compute the mean catch per tow for each individual vessel and
then apply the correction factors to these subsets of the survey,
the computational difficulties associated with applying the
correction factors in this manner were prohibitive.

The conversion coefficients applied were simply the product
of each of the individual conversion coefficients, with the gear
configuration Albatross IV, polyvalent door and 36 Yankee net
being the standard. The application of conversion coefficients
in this manner makes the tacit assumption that the interaction
between vessel and doors is not significant.




Table Al. Estimates of ratio of catch using polyvalent doors
to BMV doors for various size classes of haddock.

\ Standard
Size class Ratio Deviation N
all haddock 1.627 0.214 141
0-20 cm 0.970 0.403 25
20-40 cm 1.609 0.190 29
>40 cm 1.637 0.232 124

>20 cm 1.633 0.218 - 136




Table A2.

Estimates of ratio of catch in Albatross IV to
Delaware II for various size classes of haddock.

Size class
all haddock
0-20 cm
20-40 cm
>40 cm

>20 cm

Ratio
0.688
0.363!
0.794
0.877

0.852

Standard
Deviation

0.087

0.13%

0.129

0.063

0.063

=

158

61

89

117

135

Three pairs in this data set had very large catches (>500
individuals) of age-0 haddock in at least one of the tows

within the pair. When these data points were deleted, the

ratio estimate was 0.549,

std=0.182,

N=58.




Table A3. Estimates of conversion coefficients (* 1SE) for
changes in net from a 36 Yankee to a 41 Yankee.

Intervention Difference
Analysis T ratio Method
Gulf of Maine 1.21 * 0.34 0.58 1.21

Georges Bank 1.02 £ .217 0.09 1.03




Table A4.

Gear used in fall survey on Georges Bank,

coefficients used.

and conversion

Conversion
Year Vessel Net Door Coefficient
1963 ALBATROSS IV 36 Yankee MV 1.633
1964 ALBATROSS 1V 36 Yankee BMV 1.6833
1965 ALBATROSS IV 36 Yankee BMV 1.633
1968 ALBATROSS 1V 36 Yankee BMV 1.633
1967 ALBATRCSS 1V 36 Yankee BMV 1.633
1968 ALBATROSS IV 36 Yankee BMV 1.633
1369 ALBATROSS 1V 36 Yankee BMV 1.633
1970 ALBATROSS 1V 36 Yankee BMV 1.633
1971 ALBATROSS 1V 36 Yankee BMV 1.633
1972 ALBATROSS 1V 36 Yankee BMV 1.633
1973 ALBATRQSS 1V 36 Yankee BMV 1.633
1974 ALBATROSS 1V 36 Yankee BMV 1.633
1975 ALBATROSS IV 36 Yankee BMV 1.633
19786 ALBATROSS IV 36 Yankee BMV 1.633
1877 DELAWARE II 36 Yankee BMV 1.391
1978 DELAWARE II 36 Yankee BMV 1.391
1979 DELAWARE II ! 36 Yankee BMV 1.391
1380 DELAWARE II 36 Yankee BMV 1.391
1981 DELAWARE IT ' 36 Yankee BMV 1.391
1982 ALBATROSS 1V 36 Yankee BMV 1.633
1983 ALBATROSS IV 316 Yankee BMV 1.633
1984 ALBATROSS IV 36 Yankee BMV 1.633
1985 ALBATROSS IV ! 36 Yankee POLY 1.000
1986 ALBATROSS IV ! 36 Yankee POLY 1.000
1987 AIBATROSS 1V 36 Yankee POLY 1.000
1388 ALBATROSS 1V 36 Yankee POLY 1.000
1989 DELAWARE II1 36 Yankee POLY 0.852
1990 DELAWARE II 36 Yankee POLY 0.852
1991 DELAWARE II 36 Yankee POLY 0.852

i

were captured.

Both vessels performed some portion of this cruise, but the indicated
vessel conducted most of the tows in the primary strata where haddock




Table AS.

Gear uged in spring survey on Georges Bank, and conversion

coefficients used.

Conversion
Year Vessel Net Door Coefficient
1968 ALBATROSS IV 36 Yankee BMV 1.633
1969 ALBATROSS 1V 36 Yankee BMV 1.633
1970 ALBATROSS IV 38 Yankee BMV 1.633
1971 ALBATROSS 1V 36 Yankee BMV 1.633
1972 ALBATROSS IV 36 Yankee BMV 1.633
1973 ALBATROSS IV 41 Yankee BMV 1.633
1974 ALBATROSS 1V 41 Yankee BMV 1.633
1975 ALBATROSS 1V 41 Yankee BMV 1.633
1976 ALBATROSS 1V 41 Yankee BMV 1.633
1977 ALBATROSS 1V 41 Yankee BMV 1.633
1978 ALBATROSS IV 41 Yankee BMV 1.633
1979 ALBATROSS IV 41 Yankee BMV -1.633
1980 ALBATROSS 1V 41 Yankee BMV 1.633
1981 DELAWARE II 41 Yankee BMV 1.391
1982 DELAWARE II 36 Yankee BMV 1.391
1983 ALBATROSS IV 36 Yankee BMV 1.633
1984 ALBATROQSS 1V 36 Yankee BMV 1.633
1985 ALBATROSS 1V 36 Yankee POLY 1.000
1986 ALBATROSS IV 36 Yankee POLY 1.000
1987 ALBATROSS 1V 36 Yankee POLY 1.000
1988 ALBATROSS IV 36 Yankee POLY 1.000
1989 DELAWARE 11 36 Yankee POLY 0.852
1990 DELAWARE II 36 Yankee POLY 0.852
1991 DELAWARE II 36 Yankee POLY 0.8%2

Both vessels performed some portion of this cruise, but the indicated

vessel conducted most of the tows in the primary strata where haddock
were captured.




Table A6.

Gear used in fall survey in the Gulf of Maine and conversion

coefficients used.

conversion
Year Vesgel Net Door Coefficient
1963 ALBATROSS IV 36 Yankee BMV 1.633
1964 ALBATROSS IV 36 Yankee BMV 1.633
1965 ALBATROSS IV 36 Yankee BMV 1.633
1966 ALBATROSS 1V 36 Yankee BMV 1.633
1967 ALBATROSS 1V 316 Yankee BMV 1.633
1968 ALBATROSS 1V 36 Yankee BMV 1.633
1969 ALBATROSS IV 36 Yankee BMV 1.631
1970 ALBATROSS IV 36 Yankee BMV 1.633
1971 ALBATROSS 1V 36 Yankee BMV 1.633
1972 ALBATROSS IV 36 Yankee BMV 1.633
1973 ALBATROSS 1V 36 Yankee BMV 1.633
1874 ALBATROSS IV 36 Yankee BMV 1.633
1975 ALBATROSS IV 36 Yankee BMV 1.633
1976 ALBATROSS IV 36 Yankee BMV 1.633
1977 DELAWARE II 36 Yankee BMV 1.391
1978 DELAWARE II 36 Yankee BMV 1.391
1979 ALBATROSS 1V 36 Yankee BMV 1.633
1980 DELAWARE II 36 Yankee BMV 1.391
1981 ALBATROSS 1V 36 Yankee BMV 1.633
1982 ALBATROSS IV 36 Yankee BMV 1.633
1983 ALBATROSS IV 36 Yankee BMV 1.633
1984 ALBATROSS IV 36 Yankee BMV 1.633
1988 ALBATROSS IV 36 Yankee POLY 1.000
1986 ALBATROSS 1V 36 Yankes POLY 1.000
1987 ALBATROSS IV 36 Yankee POLY 1.000
1988 -ALBATROSS 1V 36 Yankee POLY 0.852
1989 DELAWARE Il 36 Yankee POLY 0.852
1990 DELAWARE I 36 Yankee POLY 0.852
1991 DELAWARE II 36 Yankee POLY 0.852

H

were captured.

Both vessels performed some portion of this cruise, but the indicated
vessal conducted moat of the tows in the primary strata where haddock




Table A7. Gear used in spring survey in the Gulf of Maine and conversion
coafficients used.

Conversion
Year Vessel Net Door Coefficient
1968 ALBATROSS IV 36 Yankee BMV 1.633
1969 ALBATROSS 1V 36 Yankee BMV 1.633
1970 ALBATROSS IV 36 Yankee BMV 1.633
1871 ALBATROSS 1V 36 Yankee BMVY 1.633
1972 ALBATROSS 1V 36 Yankee BMV 1.633
1973 ALBATROSS 1V 41 Yankee BMV 1.633
1974 ALBATROSS IV 41 Yankee BMV 1.633
197% ALBATROSS IV 41 Yankee BMV 1.633
1976 ALBATROSS IV 41 Yankee BMV 1.633
1977 ALBATROSS IV 41 Yankee BMV 1.633
1978 ALBATROSS 1V 41 Yankee ] BMV 1.633
1979 DELAWARE IT ' 41 Yankee BMV 1.391
1980 DELAWARE II 41 Yankee BMV 1.391
1981 DELAWARE II 41 Yankee BMV 1.391
1982 DELAWARE I1I 36 Yankee BMV 1.391
1983 ALBATROSS 1V 36 Yankee BMV 1.633
1984 ALBATROSS IV 36 Yankee BMV 1.633
1985 ALBATROSS IV 36 Yankee POLY 1.000
1986 ALBATROSS 1V 36 Yankee POLY 1.000
1987 DELAWARE II 36 Yankee POLY 0.852
1988 ALBATROSS 1V 36 Yankee _ POLY 1.000
1989 DELAWARE Il 36 Yankee POLY ‘ 0.852
- 1990 DELAWARE II 36 Yankee POLY 0.852
1991 DELAWARE 1I 36 Yankee POLY 0.852

!  Both vessels performed some portion of this cruise, but the indicated

vessel conducted most of the tows in the primary strata where haddock
waere captured.




Figure Al. Difference in stratified mean catch Per toy
(numbers) of age 1+ haddock on Georges Bank in the
spring and autumn NEFC bottom trawl survey.
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A statistical method for evaluating differences between

age-length keys with application to Georges Bank haddock

Daniel B. Hayes

National Oceanic and Atmospheric Administration

National Marine Fisheries Service

Northeast Fisheries Center, Woods Hole Labhoratory

166 Water Street

Woods Hole, MA 02543-1097




Abstract:

Age-length keys are widely used to convert the length
frequency of the catch to an age frequency. Time intervals fq,
aggregating data used to construct age-length keys have generaly
been determined on a subjective basis. In this paper, a methogd
utilizing Fisher’s exact test is presented for statistically
determining if two age-length keys differ significantly, allowing
one to objectively decide if combining age-length keys from two
time periods is appropriate. Results of this test applied to
Georges Bank haddock indicate that age-length keys derived from
the first and second quarters within a year do not differ
significantly. Further, age at length of fish sampled in
research bottom trawl surveys showed no directiconal difference
from the age at length of fish captured in commercial fishing
gear. Pooling age-length keys aéross these quarters and from
these two sources results in increased precision of catch at age

without introducing bias into the estimates.
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.Age—length keys are a critical component of many methods
used to estimate catch at age (Southward 1976; Kimura 1977;
cavaris and Gavaris 1983; Quinn et al. 1983; Lai 1987; Martin and
cook 1990). When formulating age-length keys for use in stock
assessment work, an important consideration involves appropriate
time scales for data aggregation. The most accurate
representation of age at length in the population is obtained
from age-length keys derived from intensive sampling of brief
time intervals (Kimura 1977; Westrheim and Ricker 1978). In
practice, however, such a strategy is expensive to i@plement due
‘to the labor-intensive nature of collecting and processing age
structures. For the efficient and cost-effective use of sampling
resources, one would like to sample and age the smallest number
of fish that gives adequate precision in estimates of catch at
age while avoiding biased results. It follows that ageing
‘requirements can be considerably reduced if appropriate time
intervals for age-length keys can be defined.

A further problem facing assessment scientists is the need
for evaluation of samples drawn from different sources. For
example, most of the commercially important fish stocks off the
northeastern United States are sampled in spring and autumn
bottom trawl surveys by the Northeast Fisheries Center (NEFC) of
the National Marine Fisheries Service. Since codend liners are
‘employed in these trawls, the fish collected in these surveys
have a substantially different size and age composition than the

commercial catch. However, it is unknown if for a fish of a
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given length the research survey trawl selects for fish of a
different age than commercial harvesting gear, and if age-length
keys including data from research surveys will impart‘a bias intq
estimates of catch at age.

In this paper, I present a method for statistically
evaluating the differences between age-length keys from different
time intervals and/or different sampling regimes for the purpose
of aggregating into a single key. The primary reason for
combining age-length keys across time intervals or from separate
sources is to improve the precision of estimates of catch at age
for a given sample size, or to reduce the number of samples
necessary to achieve a given level of precision. Also, a
combined key will be less likely to contain unsampled size
intervals (commonly called holes in the age-length key) than
either individual key. Thus, the investigator can minimize the

problem of having to subjectively "£ill" these holes based on

data from surrounding length intervals or his/her own experience.

Methods

Age-length keys are commonly formed by first obtaining a
matrix of numbers at age by length interval (Table 1), and then
converting this to a matrix of proportion at age for each length
interval. For the statistical tests between age-length keys,
however, I have utilized the matrix of numbers at age by length.

Statistical comparisons between age-length keys are based on
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making tests of significance separately for each length interval
present in both keys. Each of these comparisons tests the
hypothesis that the proportion at age within each length class is
no different among keys than would be obtained by random chance.
Formally, the hypothesis tested is for length class i,
Ho: Puy = Pp for all age classes j from source 1 and source 2

Ha: p; # DpPp for all age classes j from source 1 and source 2

Consider as an example haddock (Melanogrammus aeglefinus) in the

54 cm size class sampled from the commercial catch from the girst
and second quarter of 1983. The vectors of numbers at age from

each of these samples are:

Age

Q 1 2 3 4 -] 6 7 8 Total
Quarter 1 0 o 0. 1 8 14 0 0 0 23
Quarter 2. 0 0 o 7 10 24 1 0 0 42

The gquestion asked with the above hypothesis is whether the two
samples are likely to be drawn from the same population or if
they differ sufficiently to indicate that the_populatidns from
which they were sampled also are different. Assuming fixed
marginal totals, an appropriate test of this hypothesis is
Fisher’s exact test (Siegel 1956). Previously this test was

impractical for contingency tables greater than 2 x 2 because of

the amount of computational power reguired by the algorithms
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available for its solution. Recent improvements (Pagano and
Halvorsen 1981; Mehta and Patel 1983; implemented in Version 6.04
of SAS) allow problems of this size to be readily solved.

Alternative tests exists in the Chi-square test of
homogeneity (Hennemuth 1965) and the G? test (Bishop et al.
1975). These tests have the advantage in that age-length keys
could be compared in their entirety. However, these tests are
often inappropriate for comparing age-length kKeys because the
expected value is frequently‘less than 5, and sometimes less than
1 in some of the cells in the contingency table (Sokal and Rohlf
1981). With Fisher’s exact test, there are no restrictions on
the expected values for any cell within the contingency table
(Siegel 1956). 1In practice, however, each source (i.e., time
period) should contain at least six observations as sample sizes
less than six per source do not have sufficient power to resolve

even major discrepancies between sources (personal observation).

Estimation of Catch at Age and Variance

For the purposes of evaluating the effects of pooling age-

length keys, length frequency samples were treated as simple
random samples from the entire stock area. Following Gavaris and
Gavaris (1983), the proportion at age for unpooled samples was

estimated as:




P, = ) Bu Py
‘Where,
Estimated proportion at age i in quarter g

Proportion at length j in quarter g
= Proportion at age i at length j in quarter q

H

Piq
PM
Pl}'q

. For samples where age-length keys were pooled across quarters,

the proportion at age was estimated as:

B, = Y Py Py

Estimates of the variance of proportion at age were derived

2 ' 5 12
Py Py, (1-Py) . By (Py - Py

var (P = L.
(“) JZ n, -1 n,

Where,

n, = fof fish af length j in quarter q

n, = # of fish aged in quarter q

‘Estimates of the variance of proportion at age when age-length

keys were pooled were computed with the above formulae, except

Pﬁh was substituted for P,. Catch at age and variance for each

quarter were computed following Gavaris and Gavaris (1983).

'PJ Pooled porportion at age i at length j for appropriate quarters
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Since these computations do not depend on whether pooled or

unpooled age-length keys are used, the formulae are not repeateqd.

Results and Discussion

Graphs of mean length at age by month for Georges Bank
haddock sampled from the commercial fishery from 1980 to 1988
(Figure 1) indicate that most of the annual growth takes place
during the third quarter, from June through September. From this
pattern of annual growth, it was expected that age-length keys
would not be significantly different between the first and second
quarters, but would differ significantly betweens the second and
third quarters, and the third and fourth quarters. Accordingly,
tests were conducted between these pairs of quarters to determine
if age-length keys could be pooled across any adjacent quarters.
Summary statistics of these tests are presented in Tables 2-4.

Care must be exercised in interpreting the significance of
differences between a single length class since many tests of
significance were conducted for each age-length key comparison.
For example, comparisons between the first and second quarters
yielded 9 of 94 tests significant at the 0.05 level. This number
of "significant" results, however, is ﬁot substantially different
than the number of “"significant" results that would be expected
based on random chance. Further, these differences occurred
sporadically among the length classes, suggesting that no

consistent deviation in age at length was present between fish

collected during the first and second quarter within a year.:
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Thus, it appears that first and second quarter age-length keys
within each year can be treated as samples drawn from the same
population and thus can be combined.

Differences between the second and third quarters and the
third and fourth gquarters were much stronger than that between
the first and second quarters. Tests between the second and
third quarters resulted in 45 of 95 comparisons significant at
the 0,05 level. Tests between the third and fourth quarters
yielded 21 of 85 comparisons exceeding the 0.05 level. Further,
differences in these age-length keys occurred in contiguous
blocks rather than sporadically as occurred between quarters one
and two. From these results, it appears that age-length'keys
should not be combined across the second and third quarters or
across the third and fourth quarters for haddock.

similar tests were performed comparing age-length keys
derived from NEFC bottom trawl surveys and the pooled first and
second quarter age-length key derived from fish sampled from the
commercial catch. As presented in Table 5, 10 of 71 tests had
probabilities less than 0.05. As in the tests comparing first
and secdnd quarter commercial age keys, no consistent pattern
among these differences was apparent. Although more
"significant® results were obtained than would be expected by
random chance, it should be noted that half of these differences
occurred among the 66 to 76 cm size classes. For these size
classes, the sample size from the bottom trawl survey was

generally small (<10 fish), while that from commercial was often
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large (>50 fish}. Examination of the contingency tables for
these size classes indicatéd that the difference in proportion ;¢
age between commercial énd survey age-length keys were small ang
were often due to a broader representation of age classes in the
commercial data. A broader representation of age classes in the
commercial samples would be expected, however, given the larger
sample size available from the commercial fishery for fish in
these length classes. Based on the lack of pattern among the
significance tests, it appears that the survey gear does not
consistentiy select for fish of a different age at a given length
than the fishing gears used to harvest haddock commercially.
Accordingly data on age at length obtained from fish collected in
the research surveys can be combined with data collected from
fish sampled from the commercial catch.

As a further check con the potential for introducing bias by
combining age-length keys, estimates of the age composition of
the commercial catch for each year from 1982 to 1988 were made
using age-length keys combined in four different ways. First,
age-length keys were constructed for each quarter using only fish
sampled during that quarter from the commercial catch. These
age-length keys served as a bésis for comparison since estimates
of catch at age derived from the age-length keys correspond to
the level of temporal aggregation (quarterly) that has commonly
been used in Georges Bank haddock assessments (Clark et al. 1982/
Gavaris and Van Eeckhaute 1990). The second set of aéealenqth

keys were formed by combining age~length data from all haddock




11
sampled from the commercial catch during the first half of the
fyear into a single age-length key that was then applied to the
first and secoﬁd guarter length frequency distributions. The
‘third set of age-length keys were constructed for quarterly
intervals, but included data from haddock sampled in the
commercial catch and from the NEFC bottom trawl surveys. The
final set of age-length keys contained data from haddock caught
“both commercially and in trawl surveys, but data were combined
for the first half of the year.
Compariscon of the estimates of catch at age averaged over
- the period of 1982-1988 reveals only minor variations between
results obtained with the various age-length keys, with no
:indication of systematic bias (Figure 2). This is as expected,
- based on the results of statistical tests of the age-length keys
-which indicated little or no difference. The precision of these
estimates, as indicated by the average coefficient of variation,
however, did show a trend among the different levels of
aggregation (Figure 3). Combining first and second quarter age-
length keys derived solely from commercially caught haddock
showed an increased precision for all age groups, but
particularly for older age classes that typicglly had small
samples sizes within any single quarter (i.e., the 82 and 34 cm
length classes in Table 1). The inclusion of survey age &ata had
a relatively smaller effect on the precision of estimates for
most age classes except for age 2 fish (Figure 3). This occurred

because the sample size of small haddock was generally low in the
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commercial samples whereas small fish were more common in the

research survey samples.

In summary, Fisher’s exact test provides a means of testing
differences between age-length keys derived from different
sources or from different time periods. When age-length keys are
pooled across time periods and/or sources that are determined not
to differ significantly, the resulting estimates of catch at age
are more precise and importantly the estimates do not appear to

be biased due to the pooling procedure.
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Figure 2.
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Figqure Legends

Menthly mean length at age of Georges Bank haddock in
the commercial catch, 1980-1988, |

Mean catch at age of Georges Bank haddock, 1982-1988,
using different levels of aggregation in the age-length
key. Unpooled commercial refers to quarterly age-
length keys derived solely from commercial samples.
Pooled commercial refers to age-length keys derived
solely from commercial samples, but with quarter 1 and
guarter 2 data pooled into a single age-length key.
Pooled and unpocled commercial.and survey refers to the
same levels of temporal aggregation as above, but
including age at length data obtained from fish
collected in the NEFC bottom trawl surveys. Vertical
lines indicate 2 SE of the mean catch at age.

Mean coefficient of variation of estimates of catch at
age for Georges Bank haddock, 1982-1988, using

different levels of aggregation in the age-length key.

Symbol definitions are as in Figure 2.
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Table 1.

catch of Georges Bank haddock, January to March 1983.

Age

Length

Total

9+

{cm)

42

44

46

48

12

50

14

52

23

14

54

20

11

56

18

12

58

19

60

21

62

19

12

64

19

66

15

68

17

70

13

72

15

10

74

11

76

78

80

82

84

86
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Results of Fisher’'s exact test comparing first and second guarter
age-length keys from Georges Bank Haddock, 1982-1988. Entries are
probability of difference observed cccurring by random chance.
Dashes indicate comparisons where the sample size was less than

seven within cne of the two quarters being compared.

Length Year

{cm}) 1982 1983 1584 198% 1986 1987 1988
42 - - - - - - -
44 0.307 0.676 - - - - -
46 0.782 0.117 0.559 1.000 - - -
48 1.000 0.804 0.892 0.661 - - 1.000
50 0.888 0.033* 0.653 0.289 - - -
52 0.786 0.819 0.022* 0.363 - - 0.724
54 0.176 0.434 0.143 0.008* - 0.018+ 0.,026*
56 0.051 0.284 Q.207 0.451 - 1.000 0.067
58 0.562 0.749 0.002* 0.074 0.753 0.434 0.744
60 0.177 G.002+ 0.950 0.889 0.432 0.303 0.870
62 0.1%3 0.123 0.163 - 1.000 0.799 0.406
64 0.136 0.372 0.223 - 0.644 0.389 0.464
66 0.300 0.694 0.849 - 0.230 0.950 0.811
68 0.352 0.497 0.373 - 0.418 0.461 0.704
70 0.182 0.032* 0.676 .- 1.000 1.000 0.799
T2 0.097 0.119 0.584 - 0.143 1.000 0.439
74 0.730 0.808 0.036* - 0.128 - -
76 0.488 0.589 0.096 - - - -
78 - 0.852 0.249 - - - -
80 - 1.000 0.161 - - - -
82 - 0.466 - - - - -

*

P<0.05
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Table 3. Regults of Fisher's exact test comparing second and third quartep
age-length keys from Georges Bank Haddock, 1982-1988. Entries arq
probability of difference observed occurring by random chance.

pashes indicate comparisons where the sample size was less than

geven within one of the two quarters being compared.

Length _ _Year
(em) 1982 1983 1984 198% 1986 1987 1988
a2 0.219  0.170 - - - - -
a4 0.001%* 0.075 - 0.592 - - -
46 0.001* 0.017* - 0.020* - - -
48 0.001* 0.110  0.620  0.013+ - 0.001* 0.832
50 0.001* 0.026% 0.747  0.108 - 0.001% 0.773
52 0.001* 0.00l%* 1,000  0.115 1.000  0.003=  0.001*
54 0.001* 0.001% 0.688  0.011* 0.582  0.012%  0.001
56 0.042* 0.001+ 1.000  ©0.321  0.429  0.488 0.001*
58 0.046* 0.001* 0.146  0.083  0.11s  0.335  0.001%
60 0.038* 0.00i* 0.863 - 0.001* 0.075  0.001*
; 62 0.011* 0.011%* 0.106 - 0.002% 0.055  0.001*
| 64 0.523  0.015% 0.662 - 0.004* 0.010* -
66 0.246  0.032* 0.354 - 0.292  0.004* -
68 0.068 Q0.016* 0.192 - 0.046* 0.122 -
10 0.544  0.002+ 0.700 - 0.011* 0.046* -
72 0.379  0.022* 0.738 - 0.590  0.0%8 -
74 0.185  0.544 - - 0.020* 0.755 -
76 0.686  0.407 - - 0.569 - -
78 - 0.427 - - - - -
) 80 - 0.206 - - - - -
a2 - 0.537 - - - - -
* Pp<0.0S
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Results of Fisher's exact test comparing second and third quarter

age~-length keys from Georges Bank Haddock,

1982-1988.

Entries are

probability of difference observed occurring by random chance.

Dashes indicate comparisons where the sample size was less than

seven within one of the two quarters being compared.

-

P<0.05

Length Year

(cm) 1982 1983 1984 1985 1986 1987 1988
42 0.286  1.000 - - - - -

44 0.298  0.014* - - - - -

46 0.158  0.003* - - - 1.000 -
a8 0.051  0.001* - - - 0.192  0.124
50 0.001¢+ 0.123  0.123 - - 0.053  1.000
52 0.159  0.315  0.212 - - 0.024* 0,832
54 0.146  0.049* 0.720 - - 0.754  0.211
56 0.205  0.765  1.000 - - 0.050* 0.791
58 0.143  0.009* 0.154 - 0.477  ©0.675  0.016*
60 0.292  0.174  0.939 - 0.794  0.540  0.014=
62 0.028* 0.032* 0.758 - 0.272  0.244  0.001*
64 0.265 ~ 0.042+% 0.132 - 0.085  0.022+ -

66 0.014* 0.034* 0.079 - 0.785  0.001i+ -
68 0.484  0.937  0.759 - 0.068  0.107 -
70 0.011* 0.038* 0.218 - 0.207  0.046+ -
12 1.000  0.813  0.550 - 1.000  0.408 -
74 0.756  0.162 - - 0.054  0.922 -
76 0.282  0.612 - - 0.713 - -

78 0.355  0.499 - - 1.000 - -
80 0.765 - - - - - -
82 - - - - - - -
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Results of Fisher‘s exact test comparing age-length keys for
Georges Bank haddock derived from fish sampled in NEFC bottom
trawl surveys to commercially sampled fish from the first and
second quarters, 1982-1986. Entries are probability of difference
observed occurring by random chance. Dashes indicate comparisons
where the sample size was less than saven within one of the two
sources being compared.
Length Year

{cm) 1982 1983 1984 1985 1986 1987 1388

38 0.209 - - - - - -

40 0.214 - - - - - -

42 - - 0.054 - 0.350 - -

44 - - 0.151 - 1.000 - -

45 0.087 - - 0.899 0.232

48 0.038~* 1.000 - - 0.243

S0 0.388 1.000 0.344 - 0.085

52 0.151 0.175 - - 0.220

54 0.107 0.479 0.547 0.123 -

56 0.020* 0.014x 0.146 0.068 0.033*

58 0.139 0.127 0.057 0.549 -

60 0.019~* 0.839 1.000 0.102 0.273

62 0.268 0.470 0.554 04165 0.179

64 - 0.526 0.163 0.391 0.641

&6 0.821 0.302 0.026* 0.786 0.003*

€8 - 0.191 0.128 Q.001+ -

70 0.625 0.139 0.423 0.008* -

72 0.777 0.682 - - -

74 - - - 0.001* -

76 0.927 0.194 - - -

L]

P<0.08




Monthly mean length at age of Georges Bank haddock in the commercial

catch, 1980-1988.

-
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AGE
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Figure 2.

Mean catch at age of Georges Bank haddeck, 1982-1988, usiy
different levels of aggregation in the age-length key. Unpooleg :
commercial refers to quarterly age-length keys derived solely fmd
commercial samples. Pooled commercial refers to age-length keyg
derived solely from commercial samples, but with quarter ] ang
quarter 2 data pooled into a single age-length key. Pooled ,
unpocled commercial and survey refers to the same levelg
aggregation as above, but including age at length data obtainaqg from
fish collected in the NEFC bottom trawl surveys. Vertical Lingg
indicate 2 SE of the mean catch at age.
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Figure 3. Mean coefficient of variation of estimates of catch at age for

Gecrges Bank haddock, 1982-1988, wusing different levels of

aggregation i - initi
Pigurg 5t n in the age-length key. Symbol definitions are as in

40
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AREA

Levels
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Values

The SAS System

General Linear Models Procedure
Class Level Information

11:56 Thursday, November 14,
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pependent Variable: LOGHAD

Source
Model

Error

Corrected Total

Source

YEAR
AREA

Source

YEAR
AREA

Parameter

INTERCEPT
YEAR

DF
35

44616
44651
R-Sguare
0.515948

sum of Squares

77998.
73176.
151174.

36733651
53598047
90331699

c.v.
19.30971

Type III SS

65789.
T101.
847.
2916.

35955168
31054140
45763955
78554208

Type 1V S

657689.
7101.
847.
2916.

Estimate
i

5.977838580
1.765379863
1.500280145
3.711857248
2.652966992
2.281566740
0.516734264
0.708081640
0.102033930
0.346872512

-0.893715241
~2.852155276
-1.008030813

0.217048403
2.546801337
0.776452725
1.006533707
0.775394303
2.571768649
1.710464408
1.383603846
1.243014785

35955168
31054140
45763955
78554208

rToew

w:nu:wtnu:w:nu:w:nu:m:nu:u:u:m

Mean Square

2228.52478104

Mean Square

2530.35998276
1420.26210828

282.48587985
2916.78554208

Mean Sguare

2530.35998276
1420.26210828

282.48587985
2916.78554208

T for HO:
parameter=0

147.52
40.12
33.81
85.08
59.85
49.55
10.65
13.59

1.99
6.27

-14.88

-49.19

-18.26

3.78
51.68
16.56
22.84
18.10
59.54
38.60
29.65
27.48

1.64014111

1.28067994

pr » |7l

OOOOOOOOOODODOODOCOOOO

.0001
0001
.0001
.0001
.0001
.0001

.0001
.0001
.0467
.0001
.0001
,0001
.0001
.0002
.0001
.0001
.0001
.0001
L0001
. 0001
.0001
.0001

F Vvalue

1358.74

F Value

1542.77
865.94
172.23

1778.37

F Value

1542.77
865,94
172.23

1778.37

Pr > F

0.00601

LOGHAD Mean

std

6.63231211

Pr > F

0.0001
0.0001
0.0001
0.0001

Pr » F
0.0001
0.0001

0.0001
0.0001

Error of

Estimate

0.
. 04399854
.04437721
. 04362827
.04432736
. 04604503
.04B54078
.05208875
.05128872
.05536662
.06007925

0
0
o
0
0
0
0
0
0
0
0.
0
0
0
4]
o.
0.
0
0
0
0

04052218

05798117

.05519832
.05748054
.04927983
.04687346

04406358
04283332

.04319051
.04431426
. 04665737
.04522783




The SAS System 11:56 Thursday, November 14, 1991 .3
General Linear Models Procedure

Dependent Variable: LOGHAD

T for HO: er > |1 Std Error of
Parameter - Estimate Parameter=0 Estimate

YEAR 85 0.714790014 B 15.23 0.0001 0.04693615
86 0.570761824 B 10.67 0.0001 0.05349268
87 0.076335542 B 1.41 0.1577 0.05403140
8a -0.029523922 B ~0.60 0.5480 0.04913919
89 ~0.326836244 B -6.51 0.0001 0.05022619
90 0.000000000 B . . .

AREA 521 -0.666907115 B -34.77 0.0001 0.01917811
522 ~0.349540481 B -17.83 0.0001 0.019606306
525 -0.374234185 B -13.98 0.0001 0.02677165
526 -1.516635579 B -51.66 0.0001 0.02935923
S61 0.226990443 B 10.22 0.0001 0.02220852
562 0.000000000 B . . .

QTR 1 0.243847666 B 12.42 0.0001 0.01962774
2 0.404291731 B 22.32 0.0001 0.01B11573
3 0.172542746 B 9.33 0.0001 0.01850218
4 0.000000000 B . . .

TC 3 -0.576190765 B -42.17 0.0001 0.01366327
4 0.000000000 B . . .

NOTE: The X'X matrix has been found to be singular and a generalized inverse was used to solve the normal equations. Estimates

followed by the letter 'B' are bilased, and are not unique estimators of the parameters.
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Dependent Yariable: LOGHAD

Source
Model
Error

Corrected Total

Source

YEAR

AREA

QTR

TC

AREA*QTR

AREA*TC

QTR*TC

AREA*QTR*TC

Source

YEAR

AREA

QTR

Tc

AREA*QTR

AREA*TC

QTR*TC

AREA*QTR*TC

Parameter

INTERCEPT

YEAR 64
65
66
67
68
69
70
71
12
73
T4
15

76

DF

13

44578
44651
R-Square
0.5208652

DF

Sum of Squares
79916.83946196
71256.06385503

151174.90331699

c.v.
19.06276
Type III SS

64807.87066261
3503.51563474
482.76005100
1944.19687466
805.71618036
156.31655866
46.02639955
139.30252412

Type IV SS

64807.87066261
3503.51563474
482.76005100
1944.19687466
805.71618036
156.31655866
46.02639955
139.30252412

Mean Square
1094.77862277
1.59845807

Root MSE

1.26430142

Mean Square

2492.61041010
700.70312695
160.92001700

1944.19687466

53.71441202
31.263311713
15.34213318

9.28683494

Mean Square
2492.61041010

700.70312695
160.92001700

1944 .196687466

53.71441202
31.26331173
15.34213318

9.20683494

Estimate

5.854715477
1.770780047
1.519597017
3.752249725
2.681305642
2.267663356
0.527022990
0.739629821
0.114627759
.384650351
-0.871096158
-2.831128142
-0.997452159

0.258198881

o

prprrrETotORE®

T for HO:
Parameter=0

75.30
40.34
34.43
86.55
60.91
49.54
10.97
14,34
2.26
7.02
~14.66
—49.33
-18.28
4.54

pr > |7|

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0238
0.0001
0.0001
0.00061
0.0001
0.0001

F Value

084.90

F Value

1559.38
438.36
100.67

1216.30

33.60
19.56
9.60
5.81

F Value

1559.38
438.36
100.67

1216.30

33.60
19.56
9.60
5.81

Pr > F

0.0001

LOGHAD Mean

6.63231211

Pr » F

L0001
L0001
L0001
.0001
.0001
.goo1
L0061
L0001

cCooocooo@

cocoocoODO®
[
<
=)
—

std Error of
Estimate

6.07775178
0.04389%182
0.04413949
0.04335354
0.04401857
0.04577797
0.04805818
0.05159104
0.05072827
0.054792377
0.05944011
0.05738644
0.05457630
0.05683338




The SAS System 1i:56 Thursday, November 14, 1991 6
General Linear Models Procedure
Dependent Variable: LOGHAD
T for HO: pr > |7} std Error of

Parameter Estimate Parameter=0 Estimate

YEAR 17 2.603703702 B 53.30 0.0001 0.04884914
78 0.828438715 B 17.85 0.0001 0.04641847
79 1.055786116 B 24 .14 0.0001 0.04373139
80 0.825474793 B 19.43 0.0001 0.04248399
81 2.651253230 B 61.82 0.0001 0.04288959
82 1.754544121 B 39.97 0.0001 0.04389551
83 1.43B634707 B 31.09 0.0001 0.04627525
84 1.204796872 B 28.67 0.0001 0.04480644
85 0.749912107 B 16.12 0.0001 0.04652058
86 0.589193899 B 11.13 4.0001 0.05293901
87 0.086502360 B 1.62 0.1053 0.05340592
es -0.008796664 B -0.18 0.8565 0.04863008
89 -0.311355623 B~ -6.27 0.0001 0.04964478
90 0.000000000 B . . .

AREA 521 -0.450252665 B -5.69 0.0001 0.07906505
523 ~-0.256901287 B -3.00 0.0027 0.08564511
525 0.062556608 B 0.40 0.6915 0.15765193
526 -1.043561361 B -7.20 0.0001 0.14489294
561 0.241512846 B 2.74 0.0061 0.086813154
562 0.000000000 B . . .

QMR 1 0.295689344 B 3.78 0.00062 0.07832667
2 0.576594449 B 7.39 0.0001 0.07803098
3 0.057839510 B 0.58 0.5646 0.10041529
4 0.000000000 B . . .

T 3 -0.755811586 B -8.54 0.0001 0.08846464
4 0.000000000 B . . .

AREA*QTR 521 1 -0.024074431 B -0.23 0.8208 0.10626518
521 2 -0.567026259 B -5.33 0.0001 0.10628435
521 3 0.058327663 B 0.52 0.6043 0.11254651
521 4 0.000000000 B . . .
522 1 -0.423775383 B —-4.01 ¢.0001 0.10576937
522 2 —0.225422386 B -2.24 0.0253 0.10074909
522 3 0.158292023 B 1.28 0.1994 0.12334710
522 4 0.0060000000 B . . .
525 1 -0.606055688 B -3.35 0.0008 0.18081141
525 2 -0.465976680 B -2.67 0.0077 0.17477906
525 3 -0.441891394 B -1.79 0.0733 0.24674753
525 4 0.000000000 B . . .
326 1 ¢.137189853 B 0.60 0.5515 0.23036447
526 2 0.163165850 B 0.87 0.3850 0.18782520
526 3 0.642406040 B 3.03 0.0024 0.21185969
526 4 0.000000000 B . . .
561 1 0.022979638 B 0.22 0.8236 0.10309851
361 2 -0.211230225 B -2.05 0.0401 0,10288505
561 3 0.269667667 B 2.21 0.0274 0.12221884
561 4 0.0000060000 B . . .
562 1 0.000000000 B .
562 2 0.000000000 B .
562 3 0.0000000G0 B
562 4 0.000000000 B




Dependent Variable: LOGHAD

Parameter

AREA*TC

QTR*TC

AREA*QTR*TC

522
522
5322
S22
522
522
525
535
525
525
5235
525
525
525
526
526
526
526
526
526

el e ) e e W W

[REREST SR DY SN A Y SRS S A AR SR LY D R NP R S N
o ) e L e G e ) e e el el e L e ) e L e G e L e L e L

Estimate

0.147555510
0.000000000
0.175126525
0.000000000
-0.400842627
0.000000000
—0.551440198
0.000000000
0.103998701
0.000000000
4.000000000
4.000000000
0.229418086
0.000000000
(.353353784
¢.000000000
-0.336537584
0.000000000
0.000000000
0.000000000
-0.070860517
0.000006000
-0.497513268
0.000000000
0.301327908
0.000000000
0.000000000
0.000000000
-0.037952387
0.000000000
-0.187775725
0.000000000
0.374878171
0.000000000
0.000000000
0.000000000
0.416487168
0.000000000
0.327803010
0.000000000
0.855012127
0.000000000
0.000000000
0.000000000
0.119068517
0.000000000
-0.666421181
0.000000000
0.589300411
0.000000000

General Linear Models

[-=l-= =Rl el el e el o el Rl R R R ol el e R el el R - -l -l - o]

T for HO:
Parameter=0

1.49
1.63
-2.04
-3.33
0.85
2.28
3.58
-2.67

+

-0.55
-3.90
2.16

-0.29
-1.51
2.47

1.87
1.52
2.94

0.47
~3.18
2.46

Procedure

Pr > |T|

0.1364
0.1030
0.0417
0.0009

0.3935

0.0224
0.0003
0.0076

0.5833
0.0001
0.0305

0.7751
0.1322
0.0136

0.0614
0.1274
0.0033

0.6406
0.0015
0.0141

Std Error of
Estimate

0.09906624
0.10740803
0.19677621
0.16574149

0.12187154

-10044901

o

-09882771

[~

0.12598623

12918132

=]

0.12753008

(=3

.13924549

.13282468

=]

12472314

=3

-151970633

[=]

-22263397

(=2

.21504912

=T =}

.29073489

- 25505655

<

.20976215

o

. 23999201

[~




Dependent Variable: LOGHAD

Parameter

ARBA*QTR*TC 526
526
561
561
561
561
361
561
561
561
563
562
562
562
362
562
562
562

NOTE: The X'X matrix has

e Gl L D B b e B L) G R et b e

been found to be singular and a

o e (ol G e G o L0 e L e L e L0

The SAS System

General Linear Models Procedure

Estimate

0.000000000
0.000000000
-0.096710791
0.000000000
0.038727961
0.000000000
0.197528213
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

CoDEEEPERPEEErIEONEE®E

T for HO: Ppr > |T|
Parameter=0
-0.66 0.5103
0.27 0.7839
1.19

0.2335

P R O )

.

: 56 Thursday,

November 14,

Std Error of

generalized inverse was used to solve the normal equations.
followed by the letter 'B' are blased, and are not unique estimators of the parameters.

Estimate

0.14689481
0.14122310
0.16579564

1991

Estimates

8




Appendix D. Results of ADAPT tuning.

ADAPT Run Number 184 1992 2-13
HADDOCK: GEORGES BANK STOCK
GBHAD

output option selected for input parameters: fult
Output option selected for results: full

INPUT PARAMETERS AND OPTIONS SELECTED

Natural mortality is 0.2
O\dest age (not in the plus group) is 8

For all yrs prior to the terminal year (1990), backcatculated
stock sizes for the following ages used to estimate

total mortality (2) for age 8: 45678 .

This method for estimating F on the oldest age is generally used
when a flat-topped partial recruitment curve is thought to be
characteristic of the stock.

F for age 9+ is then calculated from the fallowing
ratios of Flage 9+] to Flage B8)

1963 1.0000

1964 1.0000

1965 1.0000

1966 1.0000

1967 1.0000
1968 1.0000
1969 1.0000
1970 1.0000
1871 1.0000
1972 1.000¢
1973 1.0000
1974 1.0000
1975 1.0000
1976 1.0000
1977 1.0000
1978 1.0000
1979 1.0000
1980 1.0000
1981 1.000¢
1982 1.0000
1983 1.0000
1984 1.0000
1985 1.0000
1986 1.0000
1987 1.0000
1988 1.0000
1989 1.0000
1990 1.0000

Stock size of the 9+ group is then calculated
using the following method: CATCHEQ

Partial recruitment estimmte for 1990
0.4100
0.8400
1.0000
1.0000
1.0000
1.0000
1.0000

00NN -

OCbjective function is SUM w*( LOG(OBS) - LOG(PRED) )**2

Indices normalized (by dividing by mean observed value)
before tuning to VPA stocksizes

The residuals for years prior to the terminal year are downweighted
using the following algorithm: NONE




Biomass estimates {other than $SB) reflect mean stock sizes.
558 calculated as in the NEFSC projection program
(see note below SS8 table for description of the algorithm).

Initial estimates of parametars for the Marquardt algorithm
and lower and upper bounds on the parameter estimates:

1.3000000e3 0.0000000ED 1.0000000E&
1.0060000E2 0.00000C0ED 1.0000000ES
3.00000G0E2 0.0000000€e0 1.0000000E6
QRV SPR 1 1.000000CE-5  0.0000000ED 1.0000000€0
RV SPR 2 1.0000000E-5  0.0000000ED 1.0000000EQ
qrRV SPR 3 1.0000000E-5 0.0000000€0 1.0000000EQ
qRV SPR &4 1.0000000E-5  0.0000000EQ 1.000000GEQ
aQrV SPR S 1.0000000E-5  0.0000000EQ 1.0000000EQ
GRV SPR 6 1.0000000E-5  0,0000000EQ 1.0000000E0
gRY SPR 7 1.0000000€-5  0.CODOOQOED 1.0000000EQ
gR¥ SPR 8 1.0000000E-5  0.0000000€0 1.0000000€0
gqRY FAL 1 1.0000000E-5 0.0000000€0 1.000000Q0€EC
qRV FAL 2 1.0000000€-5 0.0000000€0 1.0000000EQ
gRV FAL 3 1.0000000e-5  0.0000000€0 1.0000000E0
GRV FAL 4 1.0000000E-5  0.000Q000€0 1.000000QE0
gRY FAL 5 1.0000000€-5  0.00000Q0EQ 1.0000000E0
GRY FAL & 1.0000000E-5 0.0000000ED 1.0G0G0Q0ED
aQRV FAL 7 1.0000000E-5  0.0000000E0 1.0000000EQ
GRY FAL 8 1.0000000e-5  0.0000000£0 1.0000000ED
: GCANADA 1 1.0000000E-5  0.00000000 1.0000000EQ
L GCANADA 2 1.0000000€-5  0.00Q0000£0 1,0000000E0 o
AqCANADA 3 1.0000000£-5  0.00QOCOOED 1.0000000E0 y
QCANADA & 1,0000000€-5 0.0000000E0 1.0000000€0 2
QCANADA S 1.0000000€-S  0.0000000EQ 1.0000000€0 3
GCANADA & 1.0000000€-5  0.0000000EQ 1.0000000E0 &
qCANADA 7 1.0000000£-5  0.0000000EQ 1.0000000£0 5
GCANADA 8 1.0C00000E-5  0.000000CED 1.0000000£0 P
- 7
The following indices of abundance ars available: g
1
1 RV SPR 1 1?
: 2 RV SPR 2 13
Ny 3 RV SPR 3 11
L 4 RV SPR & 1
5 RV SPR 5 1¢
8 [} RV SPR & fi
X 7 RV SPR 7 Y
8 RV SPR 8 1
9 RV FAL 1 2
10 RV FAL 2 2
1" RV FAL 3 2
12 RV FAL & 2z
13 RY FAL S g
14 RY FAL & :
15 W FAL 7 :
16 RY FAL 8
17 RY FAL 9
18 CANADA 1
19 CANADA 2
20 CANADA 3
21 CANADA &
22 CANADA 5
] CANADA &
26 CANADA 7
25 CANADA 3

Par.

Initial Est
3.8000000E3
3. 5000000E3
2.0000000€2
7.5000000£3
2.0000000€2

Lower 8nd
0. 00000000
0.0000000EQ
0.0000000ED
3.0000000E0
0.0000000E0

Upper Bnd .

1.0000000€6
1.0000000ES
1.C000000ES
1.0000000€E5&
1.0000000ES




0.000
0.000
0.000
¢.000
0.000
0.4000
0.000
0.000
2.5%6

123.700

69.860
6.390
1.960
4.180
1.710
0.750
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

.

BRasizas

5 that will be used in this run are:

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.359

11.140
84.820
10.430

1.180
0.880
1.000
G.880
0.000
0.000
0.000
0.000
0.000
0.000
0.060
0.000

......

NN £~
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g88888838

§3888888¢EE

§883882883

OOOOOOQOQD—IOOQOPQQ

Q0000000000 =
» -
[-3-F-R-X-F-F-R-F=F-]

0.100
0.670
0.130
0.030
0.050
0.150
0.030
2.661
0.000
0.340
0.080
0.020
0.240
0.030
¢.100
0,000
0.000
0.000
0.000
0.000
0.000

3
oo

3

- Y-1-X-1-1-1- b

IS N
BrnonNG
o000 o

B35532883338

.
-t

QOONOGQ:‘OOOQOQQ-‘
38

oy
o

Obs Indices (before transformation) by index & yr; With index means

1.030
1.06Q
3.640
0.6%0
0.000
0.15¢
0,100
0.020
0.816
1.940
1.080
0.340
¢.000
0.020
0.000
0.000
0.000
¢.000
0.900
0.000
0.000
0.000
0.000

0.000

12346456789 10111213 1415 16 18 19 20 21 22 23 24 25

0.330
0.450
1.010
0.470
0.000
0.050
0.000Q

25.730

0.6%90
0.780
5.320
1.010
0.000
0.030
0.00G
0.000
0.000
0.000
0.000
Q.000
¢.000
0.000
0.000

199 ERNArAAN

0.250
1.930
0.0%0
0.100
0.030
0.040
0.500
0.700
0.03¢
1.240
0.050
0.130
0.040
0.000
0.760
1.680
0.140
8.920
0.110
1.580
0.090
0.440

3&.610

0.4460
1.340
0.650
0.490
0.000
0.059
4,735

70.330

0,570
0.590
0.900
0.330
0.000
0.050
0.0C0
0.000
0.000
0.000
0.900
0,000
0.000
0.000




SUMMARY OF WEIGHTING USED IN THE OBJECTIVE FUNCTION

EXOGENOUS WEIGHTS BY INDEX AND YR (omega) & LBl Lae-
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-99.00 -99.00 -99.00 -99.00¢ -99.00 1.00 1.00 1.00 1.00 1.00 -99.00 -99.00 1.00 -9
-99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 t.00 1
-99,00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99
-99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
-99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1.00 1.00 1.00 1
-99.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1,00 1.00 -99.00 1.00 1.00 1
-99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1.00 1
-99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1
-99.00 1.00 1.00 1.00 1,00 1.00 1.00 t.00 1.00 1.00 -99.00 1.00 1.00 -9
-99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 -99.00 1.00
-99.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -59.00 -99.00

M) —k kb b b
OONMRONFWNN 2O W
S F N ENN NN ENENRE RN NNNNRRNNEMNTH..]

21 99.60 -99.00 -%9.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00
22 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -$9.00 -99.00 -99.00 -99.00 -99.00
23 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -$9.0¢
24 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.06
25 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00
] 1978 1979 1980 1981 1982 1983 1984 1985 1985 1987 1988 1989 1990 1991
amaparedaan P LRl R T T L T e D L L L L T T T
18 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00¢ 1.00 -99.00 1.00 1.00 1.00 1.00
2. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1.00
s 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00° 1.00 1.00 1.00 1.00 1.00
AN | 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0¢ 1.00 1.00
Sm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
69 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0¢ 1.00 1.00 1.00
7= 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
g n 1.00 1.00 1.00 1.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00 .00 -99.00 1.00
98 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -99.00 1.00 1,00 1.00 1.00
0. 1.00 1.00 1.00 1.00 1.00 -99.00 1.00 1.00 1.00 1.00 +99.00 1.00 1.00 1.00
118 1.060 1.00 1.00 1.00 1.60 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
12w 1.60 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00
' 13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
14 & 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00
15 % 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
16 s 1,00 1.00 1.00 1.00 -99.00 1.00 -99.0¢ -99.00 1.00 1.00 1.00 1.00 1.00 -99.00
188 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00
198 99,00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 -~ 1.00 1.00
208 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00
218 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00
22 ® -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00
238 -99.00 -99.00 -99.00 -99.00 -99.00 -99.60 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00
2 m -99,00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00
25 8 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 1.00 1.00 1.00 1.00 1.00 1.00

Negative weights in the sbove table indicate missing values
DOWNWE1GHTS BY YEAR (delta)
B 1963 1964 1965 1968 1567 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977-197'
e 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1,0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1,000 1.0000 !
s 1580 1981 1982 1983 198& 1985 1986 1987 1988 1989 1990'1991

l100001000010000100001000010000100001000010000100001000010000




ITERATIVE RE-WEIGHTS BY INDEX (chi)

10 14 15 16 18
1.0000 1.0000 1.0000 1.0000 1.00C0 1.0000 1.0000 1.0000 1.0000 1.6000 1.0000 1.0000 1.0000
22 23 24 a3
1.0000 1.000¢ 1.0000
FINAL $S WEIGHTS BY INDEX NUMBER AND
1965 1966 1967 1969 1972 1973 1974
=99.0000 -99.0000 -99.0000 -99.0000 1.0000 1.0000 1.000¢
-99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 1.0000
-99.0000 -99.0000 -99.0000 1.0000 1.0000 -99.0000 1.0000
-99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 -99.0000
-99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 1.0000
-99.0000 -99.0000 -99.0000 1.0000 1.0000 -99.0000 -99.0000
-99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 1.0000
-99.0000 -99.0000 -99.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1,0000 1.0000 1.0000 1.0000 -99.0000 1.0000 1.0000
1.000Q 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -59.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
-99.0000 -$9.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
-99.0000 -99.0000 -99.0000 -§9.0000 -99.0000 -99.0000 -99.0000
1977 1978 1979 1981 1984 1985 1986
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000Q
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
-99.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
-99.0000Q 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000 1.0000 -99.0000 -99.0000 -99.0000 1.0000
~99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 1.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 1.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -$9.0000 1.0000
-99.0000 -99.0000 -99.0000 -99.0000 -95.0000 -99.0000 -99.0000 -$9.0000 1.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 1.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99,0000 -99.0000 -99.0000 1.0000
-99.0000 -99.0000 -99.0000 -99,0000 -99.0000 -99.0000 -99.0000 -99.0000 1,0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 1.0000
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4 m -99.0000  1.0000 1.000¢  1.0000  1.0000 F
2w 1.0000  1.0000 1.0000 -99.0000  1.0000 3
7 ®  1.0000 1.000¢ 1.0000 1.0000  1.0000 4
L m  1.0000 1.0000 1.0000  1.06000 1.0000 S
s m  1.0000  1.0000 1.000¢  1.0000  1.0000 £
5w 1.0000 1,0000 1.0000  }.0000  1.0000

7 s 1.0000 1.0000 1.0000  1.0000  1.0000

aw 1.0000 1.0000 1.0000 -$9.0000  1.0000

9 @ -99.0000  1.0000 1.0000  1.0000  1.000Q t
108  1.0000 -$9.0000 1.0000  1.0000  1.0000

11 ®  1.0000  1,0000 1.0000  1.0000  1.0000

42 m  1.0000  1.0000 1.0000  1.0000  1.0000
13 8 1.000¢  1.0000 1.0000  1.0000  1.G0GQ

12 ®  1.0000  1.0000 1.0000  1.0000  1.,0000

15w  1.0000  1.0000 1.0000  $.0000  1.0000

16 & 1.0000  1.0000 1.0000  1.0000 -99.0000 >
184 1.0006 1.000¢ 1.0000  1.0000  1.0000

16 = 1.0000  1,0000 1.0000  1.0000  1.0000
20 @ 1.0000 1.0000 1.0000  1.0000  1.0000
21 ®  1.0000  1.0000 1.0000  1.0000  1.0000
228 1.0000 1.0000 1.0000  1.0000  1.0000
23w 1,0000  1.0000 1,0000  1.0000  1.0000
2,8 1.0000 1.0000 1.0000  1.0000  1.0000
26 s 1.0000  1.0000 1.0000  1.0000  1.0000

Negative weights in the above table indicate missing values

CATCH AT AGE (millions) - GBHAD

2910.000 10101.000 9601.000 114,000 1150.000 . . R
4L047.000 15935.000 125818.000 6843.000 168.000 2994.000 11.000 158.000 1375.000 2.000 2075.000
7418.000 4554.000  44496.000 100810.000 2891.000 709.000 1698.000 16.000 223.000  450.000 3.0

11152.000 4776.000 5356.000 19167.000 20667.000 1921.000 448.000 570.000 40,000 81.000 388.00 :

L]
a
]
[ ]
= 8198.000 8722.000 4391.000 2768.000 10338.000 14519.000 654.000 185.000 289,000 32,000  S3.00 ¢
]
| ]
.
[ ]

2205.000 5794.000 6690.000 2591.000 1209.000 3499.000 5954.000 214.000 244,000 120.000  30.000
1405.000 2082.000 3772.000 2332.000 993.000 667.000 1574.000 2308.000 285,000 78.000  77.00
721.600 1028.000 1094.000 1268.000 917.000 453,000 225,000 746.000 1449.000 66.000  15.000 ¢
1096.000  1332.000 1366.000 867.000 698.000 842.000 570.000 444.000 928.000 1236.000 447.000 :

46.000 192.000 144.000

1 1.000 1.000 8.000 1.00¢ 1.000 0.001 0.001
4320.000 1034.000 473.000 19585,

1 000

2. 000 761,000 26,000 31000.000 1743.000 1165.000 214,000  93.000
3 m 457.000 1864.000 550.000 187.006 14395.000 1726.000 347.000 10998.000 1433.000 813,000 297.000
4 W 2.000 375,000 880.000 680.000 305.000 7169.000 975.000 831.000 3733.000 690,000 727.000
sa 70.000 4,000 2156.000 000 567.000 525.000 6054.060 937.000 391.000 2239.000 397.000
'y 000 $47.000 410.000 594.000 2572.000 569.000 272.000 1482.000
7w 2.000

gm 53,000

m

2.000 42. 0
4 22.% 4.000 139.000  315.000 546.000  331.000 1119.000 186,000 234.000
&b

249.000 as,

39.000 14.000 96.000 153.000 158.000 105.000 800.000  267.000
112.000 111.000 67.000 46,000 81.000 $4.000 110.000 76.000 543.000

1+8 5401.000 3607.000 2402.001 21479.000 167566.000 10314.000 39758.000 17665.000 8827.000 5290,001 4040.001

1. a.001 6.000 0.001 4.000 0.001 2.000
2 W 2,06.000 54.000 1995.000 52.000 1243.000 12.000
3w 550,000 2810.000 129.000 2384.000 000 437.000
4@ 196,000 223,000 1613.000 134.000 877.000 160.000
58 461,000 144.000 122.000 931.000 143.000 872.000
6% 228,000 173.000 73.00¢ 149.000 358.000 97.000
78 526.000 150.000 @ 89.000 55.000 446,000 175.000
gw 78,000 266.000 106.000 64,000 28.000  40.000
98 152.000 460.000 135.000 106.000 45.000  43.000

4595.001 3888.000 4262.001

§
>
;
g
:
:

1«8




CAA sumnary for ages 2 93 94 95969

116262.000 44223.000 192983.000 136646.000 37881.000 25604.000 11134.000 4662.000 4855.000 2065.000 3086.000 : :
'32195.000 28288.000 47165.000 129803.000 37713.000 225610.000 11123.000 4504.000 3480.000 2063.000 1011.000 . }
. 24777.000 23734.000 22669.000 28993.000 34822.000 21901.000 9425.000 4488.000 3257.000 14613.000 1008.000 T
©13625.000 18958.000 17313,000 $826.000 14155.000 19980.000 8977.000 3918.000 3217.000 1532.000 4522.000 :

© 5427.000 10236.000 12922.000 7058.000 3817.000 5461.000 8323.000 3732.000 2928.000 1500.000 569.000

©5355,000 3415.000 2258.001 21478.000 146765.000 10313,.000 39750.000 17664.000 8826.000 5290.000 4040.0C0
©1035.000 2381.000 1785.001 1893.000 16004.000 10287.000 8750.000 15921.000 7641.000 35076.000 3947.000
378.000 517.000 1235.001 1706.000 1609.000 85461.000 8403.000 4923.000 6028.000 4263.000 3650.000
376.000 142.000 355.001 1026.000 1304.000 1392.000 7428.000 4092.000 2295.000 3573.000 2923.000
© 306.000 138.000 139.00% 511.000 737.000 B&7.000 1374.000 3155.000 1904.000 1334.000 2526.000

595.000 3882.000 4262.000 3875.000 2846.000 2336.000
189.000 3828.000 2267.000 3823.000 1533.000 2824.000
1639,000 1018.000 2138.000 1439.000 1497.000 1387.000
©1445.000 795.000 525.000 1305.000 420.000 1227.000

984,000 649.000 403.000 374.000 477.000 355.000

WT AT AGE (MID-YR) in kg. - GBHAD

1.180 1.120 1.030 0.890 0.950 1,050 1.100 1.220 1.310 1.740 1.580 1.820 1.530 1.390 1.440 1.500 1.280
470 1.430 1.350 1.260 1.180 1.320 1.490 1.930 1.740 2.040 2.130 2.320 2.210 1.990 2.170 2.040 2.020
1.480 1.640 1.670 1.700 1.420 1.570 1.750 2.190 2.390 2.420 2.410 2.830 2.200 2.660 2.730 2.79%0 2,510
2.150 2.010 1.990 2.070 2.050 2.100 1.990 2.390 2.810 2.920 3.290 3.760 2.940 3.080 3.2t0 3.190 3.140
350 2.400 2.260 2.280 2.370 2.320 2.520 2.580 2.920 3.060 3.420 4.050 4.000 3.690 4.150 3.370 3.780
040 2.640 2.660 2.870 2.660 2.620 2.990 3.230 3.100 3.440 3.860 3.920 4.050 4.670 4.000 3.610 3.790
3.100 2.970 3.110 3.180 3.100 2.850 3.630 3.750 3.720 3.680 3.940 4.2580 4.330 4.940 4.990 5.110 4.870

0.550 0.390 0.220 0.330 0.330 0.330 0.450 0.430 0.420 0.530 0,540
1,940 0.870 0.970 1.020 ©.920 0.990 0.940 0.830 0.980 0.8%0 0.970
210 1.240 1.450 1.370 1.320 1.3%0 1.360 1.430 1.340 1.480 1.480 -
1,730 1,830 1.880 1.830 1.830 1.980 1.830 2.000 1.4680 1.790 1.800
2.170 2.300 2.370 2.210 2.200 2.460 2.560 2.250 2.060 2.210 2.110
2.820 2.720 2.760 2.650 2.670 2.720 2.830 2.630 2.450 2.570 2.580
3.600 3.710 3.240 3.250 2.960 3.060 2.960 3.020 2.970 3.240 2.320
.560 4,040 3.960 3.380 3.410 3.720 3.460 3.770 3.490 3.560 3.170
870 4,440 4.090 4.270 3.720 3.800 3.7830 4.290 3.960 3.820 4.160
WT AT AGE (JAN 1) in kg. - GBHAD
1963 1964 1965 1 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979
0.472 0.426 0.517 0.528 0.596 0.513 0.333 0.589 0.540 0.481 0.451 0.617 0.491 0.342 0.398 0.386 0.398
0.767 0.588 0.587 0.651 0.637 0.73t 0.678 0.813 0.855 0.831 0.799 0.797 0.840 0.783 0.731 0.706 0.728
1.072 0.987 0.92% 0.786 0.333 0.857 0.9%4 0.975 1.290 1.339 1.276 1.369 1.314 1.167 1.194 1.267 1.097
1,392 1.299 1.230 1.139 1.025 1.120 1.332 1.457 1.457 1.635 1.925 1.915 2.006 1.801 1.737 1.714 1.741
536 1.553 1.545 1.515 1.338 1.361 1.520 1.924 2.148 2.052 2.217 2.455 2.259 2.425 2.331 2.461 2.263
.035 1.838 1,807 1.859 1.867 1.727 1.768 2.045 2.481 2.642 2.822 3.010 2.584 2.603 2.922 2.951 2.940
2.217 2.272 2.131 2.130 2.187 2.181 2.300 2.266 2.642 2.932 3.160 3.650 3.878 3.29% 3.575 3.289 3.472
2.673 2.491 2.527 2.547 2.463 2.460 2.634 2.853 2.828 3.169 3.437 3.661 4.050 4.322 3.842 3.871 3.574
3.100 2.970 3.110 3.180 3.100 2.860 3.630 3.750 3.720 3.660 3.940 4.260 4.330 4.940 4.990 5.110 4.870




---------------------------------------------------------------------------------------

3.668 3.814 3.833 3.299 3.329 I.318 3.256 3.341 3.247 3.252 3.205 2.95
3.870 4.440 4.090 4.270 3.720 3.800 3.780 4.290 3.960 3.820 4.160 4.160
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Weights at age at the start of the spawning season are assumed
to be the same as the Jan! weight at age estimates.

PERCENT MATURE (females) - GBHAD
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B 1963 1964 1945 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1581 1982 1983 1984 1985
1. 0 ] 0 0 0 0 0 0 1] 0 0 0 0 0 0 0 0 0 9 0 0 13 25";".
r o 0 o 0 0 28 28 28 28 2B 34 34 34 346 51 2 8 41 %52 31 1 4 n‘g
ie 78 78 78 78 V& T& V& Y& 76 T6 92 92 92 92 100 99 71 100 94 467 39 4m qu;i
4w 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 105 .
5w 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 1o ypy
6® 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 106 1og W
7m 100 100 100 100 100 100 00 100 100 100 1100 100 100 100 100 106 100 100 100 100 100 100 100 1@3%
4= 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 109 g
9% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 300 100 100 100 100 100 100 100 109 gm'
u 1987 1988 1989 1990
P R L L L L L L L T L
1m 26 26 26 26
2m 7 M T 7
Im 97 9 97 o7
4 8 100 100 100 100
S e 100 100 100 100
&% 100 100 100 100
7= 100 100 100 100
8. 100 100 100 100
9 a 100 100 100 100
SEX RATIO (Percent Female) - GBHAD
B 1963 1964 1965 1966 1967 1948 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1584 1945 194
LR L e L P T T L L L L L L L T L L T T T e mmsaaw e e L L LLE L PR
'® 50 50 50 50 50 S50 50 S50 50 50 SO 50 50 50 50 50 50 S50 S0 50 50 50 50 G
2m 5 30 50 50 S0 S50 S0 S0 S0 S50 S0 %S0 S0 50 S5 50 S0 50 50 50 SO S0 50 W
3® 50 S50 S50 SO S0 S50 S50 SO S50 S0 SO S0 50 S0 50 S0 S0 S0 S0 S0 50 50 S50 ¥
4m 50 S50 S50 SO S50 50 S50 50 S50 50 50 50 50 S0 S0 S50 50 50 S50 50 50 50 50
5® 50 50 50 S50 S0 SO S0 50 S0 S0 50 S0 S0 50 S50 S0 50 S0 50 S50 50 50 S0
6m 50 S0 50 50 50 50 S50 S0 50 50 S0 50 S0 50 SO0 S0 50 S0 S50 S0 S50 50 %0 ¥
7w 50 50 SO 50 S50 S0 50 S0 50 S0 S50 50 S0 S0 50 50 50 S0 50 S50 50 S50 S50
8w 50 50 50 50 50 S0 50 50 S50 S0 S0 50 S50 50 SO SO S0 50 S0 50 S0 50 S0 o
9@ 50 50 50 S0 S0 S0 S50 50 S0 S0 S0 50 50 S50 50 50 5¢ S0 S50 50 50 50 S50
-1987 1988 1989 1990
ew-prsccsanana LT Y]
1. 50 50 50 50
2m 5 50 S0 SO
38 50 S0 50 %0
4tm 5 S0 50 5O
S® 5 50 S0 %0
6m 50 50 50 50
78 5 50 50 %0
&w 50 50 50 50
9@ 50 50 50 50




WHARY OF RESIDUALS

1 RV SPR 1
is tuned to the
ges: 1
D BY YEAR
: Observed
-3.0725
-2.5662
-0.7676
1.2636
-1.4014
-2.221%9
2.2320
-2.6520

-2.3680
-2.8313

‘2 RV SPR 2
is tuned to the

D BY YEAR
Observed
~0.4574
~4.3145
-3.0617
-1.5498
-4.0914%
-0.1192
0.8902
-1.7305
-2.8974
1.811%
-1.7305
-1.2407
2.1466
-0,44697
-1.2349

sum of Jan! full stock sizes (in number)

Pred
-4 ,6067
-2.2047
-1.6022
-Q.7778
-1.3899
«1.7106

0.8%17
-1.1256
-1.9485

0.6828
-1.4395
-1.7815
-2.8583
-2.6962
-0.9357
-1.0863
-0.9011
-4.8827
-2.2230
-2.3203

sum of Janl full stock sizes (in number)

Pred
-0.7908
-4.133%
-3.2629
-1.7208
-4.2516
-1.127%
-0.4406
-0.89%%
=1.2440

1.3850
-0.6308
-1.4539

1.1776
-0.9456
-1.2869
-2.3640
-2.2014
-0.4409
-2.8293
-0.5920
-3.2M2
-0.4065
'f.m’

il variance for this fndex is

sum of Janl full stock sizes (in rumber)

Pred
-1.4027
-0.7005
-2.9917
-1.7213
-1.0222
-0.3591
-0.5279

Weight
1.0000
1.0000
1.0000Q
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

al variance for this index is 1.305543

Weight
1.0000

1.0000

giggaaaaagasasss

e A e e e s g e )

RN
[

5
%

THTE

597133

Wt Res
1.5342
-0.34615
0.8344
2.0415
-0.0115
~0.5113
1.3403
-1.5264
-2.8287
0.7440
0.9285
0.8545
0.4560
-0.3103
-0.4873
-0.2529
-0.9122
-0.8754
-0.1450
-3.5110

Wt Res
0.1334
-0.1814
0.2012
0.171%1
0.1602
1.0087
1.3308
-0.8506
-1.6534
0.4266
-1.0997
0.2132
0.9650
0.4759
0.0520
0.0644
0.8672
0.2535
-0.6743
0.0897
-1,7285
-0.0930
0.0443

Wt Res
-0.3444
-0.8195
0.5449
0.24N
1.0927
0.57T7%
-0.9767

$td Res
1.9725
-0.4648
1.0730
2.6247
-0.0147
~0.6574
1.7231
-1.9625
-3.6368
0.9564
1.1938
1.0986
0.5843
-0.3990
-0.6245
-0.3252
-1.1728
-1.1255
-0.1864
~0.6570

Std Res
0.1715
-0.2332
0.2587
0.2199
0.2060
1.2968
1.7110
-1.067%
-2.1258
0.5484
-1.413%
0.2741
1.2458
0.6119
0.0668
0.0828
0.8578
0.325¢9
-0.8670
0.1153
-2.2223
-0.1196
0.0569

Std Res
~0.4428
-1.0537
0.4292
¢.77
1.4049
0.7423
-1.2557

Pred Stocksize
421.702
4658.061
8508.401
19402.982
10521.114
7634.201
103024.629
13704.311
6018.020
83599.850
10011.438
7111.586
24622.820
2B49.309
16569,942
14252.813
17153.331
320,008
4573.352
4149.244

Pred Stocksize
9560.474
338.022
B0S . 962
3772.07%
300,255
6824 .935
13569.435
8572.337
6076.627
84219.136
11219.,236
4926.233
6844k 863
8189.434
5821.569
1982.732
2332.816
13564,320
1245.077
116463788
793.956
14040.341
3742536

Pred Stocksize
2536.211
5118.37N

517.720
1844 , 143
3710.247
7200.816




1977 -1.8503 -0.8188  1.0000 -1.0314  -1.3261 4547.133

1978 1.7862 1.5030  1.0000 0.1831  0.2355  51231.556

1979 -0.8586 -0.1936  1.0000 -0.4650  -0.8550 8496.953

1980 -1.6536 -0.5446  1.0000 -0.7090  -0.9115 4009.733

1981 2.0259 0.998  1.0000 1.0274  1.3210  27987.%5§

1982 -1.0061 -0.6987  1.0000 -0.3076  -0.3953 5127.809

1983 -1.5200 -1.0217  1.0000 -0.4983  -0.4407 3712.162

1984 -1.4304 -1.9759  1.0000 0.5456  0.7013 1429, 689

1985 -1.3482 -1.7313  1.0000 0.3831  0.4926 1825.799

1986 -0.351% -0.1439  1.0000 -0.2071  -0,2663 8930.125

i 1987 -3.8872 -2.3633  1.0000 -1.523%  -1,9593 976.522
| 1988 -1,0838 -0.2864  1.0000 -0.7974  -1.0252 7744351
[ 1989 -1.8288 -2.8392  1.0000 1.0106  1.2991 602,984
: 1990 0.7079 0.0039  1.0000 0.7041  0.9052  10352.449
1.0000 1.4646  1.883% 203,649

i 1991 -2.4601  -3.9247

partial variance for this index is 0.691769

Index & RV SPR 4
Index is tuned to the sum of Jani full stock sizes (in number)

for ages: &
SORTED BY YEAR

¥r Observed Pred Weight Wt Res Std Res Pred Stocksize
1968 -0.4125 0.0506 1.0000 -0.4631  -0.5954 4685.712
1969 -1.4241 -1.1328 1.0000 -0.2913  -0.3745 1634944
1970 -1.1728 -0.5178 1.0000 -0.6550 -0.8421 2654 ,154
1972 -2.1914 -2.9986 1.06000 0.8072 1.0378 222.094
1973 -0.6738 -1.3962 1.0000 0.7174 0.9223 1102.6%96
1975 -0.5222 -9.6006 1.0000 0.0784 0.10038 2643 ,215
1976 -0.14612 -0.0567 1.0000 -0.0845 -0.1086 4208.912
1977 0.1415 0.0063 1.0000 0.1353 0.1739 4482.543
1978 -1.0928 -0.2260 1.0000 -0.8668 -1.1144 3553.673
1979 1.46814 1.8706 1.0000 -0.1892  -0,2432 28919.715
1980 -0.0201 0.1915 1.0000 -0.2117  -0.2721 5394 ,967
1981 0.7611 -0.4057 1.0000 1.1669 1.5002 2968,913
1982 1.381% 1.0682 1.0000 0.3132 0.4027 12963,197
1983 -1.5783 -0.4%30 1.0000 -1.08%2 -1.3953 2720.4696
1984 -0.5222 -0.4659% 1.0000 0.1372 0.17564 2303,629
1985 -1.067% -1.5973% 1.0000 0.5299 0.6812 901.793
1986 -1.5783 -1.4968 1.0000 -0.0815 -0.1048 W9T.ATT
1987 -0.3619 0.0682 1.0000 -0.4300 -0.5529 4TEB.TTS
1988 -2.1914 -1.8827 1.0000 -0.3086 -0.3968 477.872
1989 -0.4523 -0.0628 1.0000 -0.3395 -0.5007 4183406
1990 -1.2300 -2.3713 1.0000 1.1414 1.467h 415,866
1991 0.5064 0.4768 1.0000 0.0296 0.0381 7175.617

partial variance for this index is 0.359843

Index 5 RV SPR S
Index is tuned to the sum of Jan! full stock sizes (in rumber)
for ages; 5

SORTED BY YEAR

Yr Observed Pred

1968 1.9733 2.3197
1969 -0.7993 . -0.5508
1970 -0.6961 ~1.5416
1971 -2.0630 - 0. 7944
1972 -3.5293 -3. 5%
1973 -2.3254 -3.5202
1974 -1.3499 -1.9910
1976 -0.7778 -0.7922
1977 -0.4536 -0.3251

5
4

Wt Res Std Res Pred Stocksize
-0.3464  -0.4454 37310.680
-0.2408 0,309 2098, 144
0.8655 1.1128 769.466
-1.2686 -1.4310 1657.280
-0.1956 -0.251§ 130,792
1.1948 1.5362 108,544
0.5211 0.4700 553,544
0.0143 0.0184 1661.021
-0.1284 -0.165% 2649,709

SR

A e T e e e e e e L e L L

1978 0.0048 -0.1829 0.1897  0.2439 3054.706
1979 -1.044k -0.3313 -0.7132  -0.9169 2633.526
1980 1.6524 1.5448 0.1077 0,138 17190.4681
1981 -0.1736 -0.0369 -0.1367 -0.1757 3534.809
1982 -0.7778 -0.7815 0.0037  0.0047 1678.821
1983 0.9518 0.679% 0.273 0.3502 7235.610
1984 -0.469 -0.8276 0.3585 0.4619 1603.180
1985 -0.1620 -1.0940 . 0.9320 1.1982 1228.235
1986 ~2.2301 -1.8744 . ~0.3556 -0.4572 562,788
1987 -2.5485 «1.7863 - -0.7622 -0.9800 614,641
1988 -1.1422 -0.4056 . -0.7566 -0.9728 2444 840

1989 -1.9889 -2.1349 0.1480 0.1877 433,746




-0,5336 -3.3320 1.0000 -0.2016  -0.2592 2631.541
-2.4307 -2.9307 1.0000 0.5000 0.6428 195.708

| variance for this index is 0.347472

% RV SPR &
is tuned to the sum of Janl full stock sizes (in rumber)
es: 6
gD BY YEAR
Observed Pred Weight Wt Res Std Res Pred Stocksize
1.0107 1.2193 1.0000 -0.20886 -0.2682 10515.347
1.9302 1.723% 1.0000 0.2067 0.2657 17410.066
-0.2778 -1.0148 1.0000 0.7370 0.9475 1126.051
-1.6447 -1.9064 1.0000 0.2617 0.3364 461.685
-2.6002 -1.0424 1.0000 -1.5578  -2.0028 1095.368
-1.5016 ~2.0755 1.0000 0.5739 0.7378 3189.865
-0.3178 -0.9812 1.00G0 0.6634 0.8529 1164 .484
0.2902 -0.6009 1.0000 0.8910 1.1456 1703.407
-1.3193 -0.4464 1.0000 -0.8729  -1.1222 1987.939
0.0808 -0.6140 1.0000 0.694%9 0.8934 1681.109
1.1036 1.0179 1.0000 0.0857 0.1102 8596.453
-0,7439 ~0.4175 1.0000 -0.3264  -0.4197 2046, 224
-3.51485 -1.1130 1.0000 -2.4035  -3.0001 1020.711
0.1471 0.2270 1.0000 <0.0799 -0.1028 1898.086
-0.6833 -1.1813 1.0000 0.4980 0.6402 953.352
-1.1651 -1.6637 1.0000 0.4986 0.6411 588.464
-1.9071 -2.2662 1.0000 0.3 0.4360 - 328.565
-1.7247 -2.0679 1.0000 0.3 0.4411% 192.835
<0.4485 -0.9857 1.0060 0.5373 0.6907 1159.262
-2.4179 -2.6219 1.0000 0.2040 0.2623 225.730
-1.90M -0.8220 1.0000 -1.0851  -1.3951 1365.505

| variance for this index is 0,71526%

RV SPR 7
is tuned to the sum of Janl full stock sizes (in number)
es: 7
[ED: BY YEAR
Observed Pred Weight Wt Res Std Res Pred Stocksize
-0.2182 0.2481 1.0000 -0.4663  -0.5995 1569.794
1.1770 1.4915 1.0000 -0.3145  -0.4044 5443.212
1.8387 1.9795 1.0000 -0.1408 -0.1810 8866.755
-1.2478 -0.519¢9 1.0000 -0.7279 -0.9359 728.297
-0.8423 -2.0645 1.0000 1.2222 1.5714 155.406
-0.5546 -0.4408 1.0000 -0.1139 -0.1464 788.231
-2.8572 -3.5045 1.000Q 0.6473 0.8322 35.821
-1.2478 ~3.6547 1.0000 2.4069 3.0945 31.686
-1,9409 -1.4715 1.0000 -0.469%  -0,.6035 281.191
-0.6600 ~0.6643 1.0000 0.0043 0.0055 - 630.372
0.14632 -0.2788 1.0000 0.4hk20 0.54643 926,831
0.1432 0.0256 1.0000 0.1376 0.1769 1256.5603
-0.2182 -0.3785 1.0000 0.1603 0.2061 838.902
0.6981 1.3471 1.0000 0.6490 -0.8344 4711.103
-1.9409 -0.0560 1.0000 -1.8869 -2.4260 1160.454
-1.4709 -0.7312 1.0000 -0.7397  -0.9511 589.571
1.2118 0. 4126 1. 0000 0.7992 1.0275 1850.513
-1.0655 -0.797% 1.0000 -0.307% -0.395%9 576.236
~1.9409 -1.3260 1.0000 -0.6150 -0.7907 325.256
-1.1525 -1.797¢ 1. 0000 0.5447 0.3289 203.035
-1.7586 «1.9005 1.0000 G.1219 0.1547 186.805
-0.9113 -0.6725 1.0000 -0.2388 -0.3070 625.191
-2.4518 -2.5354 1.0000 0.0837 0.107% 97.043
l variance for this index is 0.700637
8 RV SRR 8
l: t:ned to the sum of Janl full stock sizes (in number)
ED: BY YEAR
Observed Pred Weight Wt Res Std Res Pred Stocksize
0.5644 0.2708 1.0000 0.2737 0.3518 1176.268
0.0866 -0.27h7 1.0000 0.3513 0.4645 681.712
1.3347 1.2178 1.0000 0.1170 0.1504 3032.311




1971
1972
1973
1974
1975
1977
1978
1979
1980
1981
1983
1984
1985
1986
1987
1988
1989
199

Partial variance for this index is 0.557728

Index 9 RV FAL 1
Irdex is tuned to the
for ages: 1
SORTED BY YEAR
Yr observed
1964 2.5194
1965 -1.0482
1966 -3.0266
1967 -0.0961
1968 -5.4442
1969 -4.3353
1970 -2.8602
197 -5.0383
1572 -1.0235
1973 -0.0011
1974 -0.7372
197% -2.2056
1976 1.2454
1977 -0.4472
1978 -3.8795
1979 0.7092
1980 -1.5954
1981 0.5848
1982 -2.8439
1983 -1.,6061
1984 -3.1534
1985 -5.4442
1986 0.4270
1988 -1.4144
1589 -4.6615
1990 -2.7258
1991 -2.2254

Partial variance for this Index is 0.957542

Index 10 RV FAL 2

Index is tuned to the

for ages: 2

SORTED BY YEAR
Yr Observed
1964 0.7159
1965 2.2077
1966 -0,1996
1967 -2.5614
1968 -0.6141
1969 -5, 2694
1970 -6, 1167
1971 -1.1017
1973 -1.5950
197% -0.3217
1975 -1.9475

1.1524
-2.2488
-2.56542
-0.9495
-2.6542
-1.7380
-1.4015
-1.4015

0.3844
-0.7824

1.4968
-1.7380
-1.0448

0. 1491
-0.2564
-0.8625
-1.7380
-1.9611

1.7515
-0.9731
-2.7623
-0.4438
-3.4352
-1.4550
-2.3986
-0.8323
-0.6385
-0.5175

1.1539
<0.1377
=1.1973

0.1448
-0.98469
-1.5748
-2.0417
-0.9314

. 0000
0000
.0000
.0000
.0000
.0000
.0000
-0000
.0000
.0000
.0060
-0000
-0000
.0000
-0000
.0000
.0000
-0000

N S P i S P

-0.599
-1.2737
0.1080
-0.5057
0.8009
-0.2829
0.99714
-0.5692
1.2230
-0.2650
0.3429
-1,6002
0.1525
0.0023
0.7306
0.7123
0.3038
~1.0297

-0.7703
-1.637%5
0.1389
-0.4502
1.0297
-0.3637
1.2820
-0.7318

-0.3407
0.4409
-2.0574
0.196%
0.0030
0.9393
0.9159
0.3906
-1.3239

sum of Janl full stock sizes {in number)

Pred
2.4410
-0.2145
-2.2958
-1.1547
-4.5791
-3.7279
-2.1770
-4.7158
~1.5746
-0.,7502
-1.3623
-1.6830
0.9193
-1.0979
-1.9209
0.7104
-1.4119
-1,7539
-2.8307
-2.6686
-0,90814
-3.2964
-1.0587
-0.8735
-4 .8551
~2.1956
-2.2927

Weight
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

g

ReEsaaEacs

Wt Res
0.0783
-0.8337
-0.7308
1.0586
-0.8651
-0.6074
-0.6832
-0.3230
0.5511
0.7491
0.46250
-0.522%
0.32561
0.6507
-1.9586
-0.0012
-0.1835
2.3387
-0.013
1.0624
0.7546
-2.1478
1.4857
-0.5410
0.193%6
-0.5304
0.067%

Std Res
0.1007
-1.0719
-0.9396
1.3610
-1.1123
-0.7809
-0.8784
-0.4153
0.7085
0.9631
0.3036
-0.6718
0.4193
0.8384
-2.5182
-0.0016
-0.2359
3.0068
-0.0149
1.3680
0.9702
-2.7614
1.9101
-0.5955
0.2489
-0.6819
0.08566

sum of Janl full stock sizes {in number)

Pred

1.2806

2.1797
-0.8377
-2.5642
-1.495&
-4.8377
-3.967%
-2.4254
-1.8324
-1.1452
~1.5045

&
%

i

[ Y i WV Y

Wt Res
-0.564T
0.0280
0.6380
0.0028
0.8813
-0.4318
-2.1492
1.3237
0.2375
0,8235
+0.3430

Std Res
-0.7260
0.0359
0.8203
0.0035
1.1330
-0.5551
-2.7632
1.7019
0.3053
1.0588
~0,4410

5171.120
338.401
56.658
575.676
28.337
209.408
81.510
390.333
473.801
534.779
2844 .612
781.800
270.968
1039.128
334.419
185.767
116,465
353.517

Pred Stocksize
471862.130
33152.206
41356.347
12948.136
421.702
987.335
464658.061
367.837
8508.401
19402.982
10521.114
7634.201
103024 . 629
13704.311
4018.020
83599.850
10011.438
7111.586
2422.820
2849.309
16569.942
1520. 742
14252.813
17153.334
320.008
4573.352
4149 .244

Pred Stocksize
153495.768
377188.274
18455.387
3283.403
9560.474
338.022
806,962
3772.075
56824 .935
13569.435 -
8572.337




-2.9813. =1.9486 1.0000 -1.0327  -1.3277 6076.627

1.6430 0.56804 1.0000 0.9626 1.2376 84219.136
«1.7223 -1.3354 1.0000 -0.386%  -0.4974 11219.236
-2.6510 -2.1583 1.0000 -0.4926  -0.4333 4926.233

1.3386 0.4730 1.0000 0.8656 1.1128 68444 .863
-1.4820 -1.6502 1.0000 0.1682 0.2162 8189.434
-0.6671 “1,9915 1.0000 1.3243 1.7027 5821.549
-3.9573 -2.9060 1.0000 -1.0513  -1.3516 2332.816
-1.3182 -1.1454 1.0000 -0.1728 -0.2221 13566.320
-3.0410 -3.5338 1.0000 0.4929 0.6337 1245.077
-0.9790 -1.2965 1.0000 0.3176 0.4083 11663.788
-1.5049 1.1 1.0000 -0.3938  -0.5083 14040.341
-5.6059 -5.09264 1.0000 -0.5135 -0.6602 261.999
-2.9669 +2.4333 1.0000 -0.5336 -0.6840 3742.534

11 RV FAL 3
-is tuned to the sum of Janl full stock sizes (in number)

8Y YEAR
observed Pred Weight Wt Res Std Res Pred Stecksize
0.1707 -0.5193 1.0000 0.46900 0.8871 22754.721
2.1037 1.0678 1.0000 1.035% . 1.3319  111253.12%
2.2977 1,6288 1.0000 0.5489 0.8600 194970.806
-0.9891 -1.4560 1.0000 0.4689 0.6002 8918.190
-3.0844% -2.7134 1.0000 -9.3711 04771 2536.211
-2.0940 -2.0112 1.0000 -0.0828 -0.1065 5118.371
-3.6135 -4.3024 1.0000 0.6899 0.3870 517.720
-3.2216 -3.0320 1.0000 -0.1896 -0.2438 1844,143
-1.577% -2.3330 1.0000 0.7554 0.9713 3710.247
-2.0659 ~1.6699 1.0000 -0.3960  -0.5091 7200.818
-2.3913 -1.8386 1.0000 -0.5527 -0.710& 4082.834
-2.7049 -2.12%6 1.0000 -0.5754 -0.7398 4547.133
0.91468 0.2923 1.0000 0.6245 0.8029 51231.556
-1.9773 -1.5043 1. 0000 -0.4730 -0.46081 8496.953
-5.3617 -2.2553 1.0000 -3.1066  -3.9938 4009.733
0.5299 -0.}1123 1.0000 0.8422 1.0828 27987.955
-1.2842 -2.0094 1.0000 0.7252 0.9324 $127.809
-1.713 -2.3324 1.0000 0.5612 0.7215 . 37M2.162
-3.612% -3.2866 1.0000 -0.325%9 -0.41%0 1429.689
-2.1836 -3.0420 1.0000 0.8584 1.1036 1825.799
=1.7176 -1.4546 1.0000 -0.2629 -0.3380 8930.125
-4,5508 -3.6740 1.0000 -0.8768 -1.1273 970.522
-2.3785 -1,5971 1.0000 -0.7815 -1.0047 7T744.351
-3.8576 -4.1499 1.0000 0.2923 0.3758 602,984
-1.1096 -1.3048 1.0000 0.1972 0.2535 10352.449
-5. 6494 -5.23%4 1. 0000 -0.4140 -0.5322 203.4649

variance for this index is 0.755507

s tt:ted to the sum of Janl full stock sizes {in number)

Std Res  Pred Stocksize

1
i
i
g
2
§

0.9846 0.5224 1.0000 0.4621 0.5941 20094, 852
0.8298 0.1968  1.0000 0.6330 0.2138 14509.360
1.3387 1.4504  1.0000 -0.1117  -0.1436 50824 .706
1.9782 1.7475 1.0000 0.2307  0.2066  68411.934
-0.9388 -0,9335 1.0000 -0.0053  -0.0068 4685.712
-2.9221 -2.1169 1.0000 -0.8052 -1.0352 1434 .9k
~2.1962 -1.5019 1.0000 -0.6943  -0.8926 2654 . 154
~4.9370 -4.0679 1.0000 -0.869%  -1.%17% 203.957
-3.5507 -3.9827  1.0000 0.4320  0.5554 222.09%
-1.5871 -2.3803 1.0000 0.7932 1.0197 1102.696
-2.1038 -1.587  1.0000 -0.51%1 -0.6674% 2643.215
0.6465 -1.0408 1.0000 1.6873. 2.14693 4208.912
-1.5526 -0.9778 1.0000 -0.578 -0.7390 4482.543
<1.471% -1.2100 1.0000 -0.2612  -0.33%9 3553.673
1.3324 0. 8855 1.0000 0.4456  0.5729  28919.715
-0.9954 -0.7926 1.0000 -0.2029 -0.2608 5394.967
-1.6983 -1.3898 1.0000 -0.308% -0.39%64 2968.913
0.4125 0.0841 1.0000 0.3286  0.4222 12963.157




1983
1984
1985
1986
1987
1988
1989
1990
1991

-1

-2.
-2.
-2.
-0,
3.
.T626
6344

-0
-2

-0.

L5926
2629
3721
5391
8344
3276

8099

-1.6771
-1.6435
-2.5814
-2.4808
-0.9139
-2.8668
-1.0469
-3.3554
-0.5073

.0000
.0000
.0000
.0000
.0000
-0000
.0000
.0000
.0000

[ G T G P Y

partial variance for this index is 0.34857%

i Index 13
for ages:

Yr
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1586
1987
1988
1989
1990
1991

Index 14 RV FAL &

Index is tuned to the

for ages: &

SORTED BY YEAR
Yr Observed
1964 1.5069
1945 1.4624
1566 -0.0958
1967 -0.5301
1968 0.6087
1969 1.4742
1970 -1.6828
1974 -1,2058
1972 -1,3951
1974 -2.9637
1975 -3.8800
1977 -1.0766
1978 -0.2965
1979 -1.2058
1980 -1.2058
1981 0.56896
1982 -0.7230
1983 -1.8651
1984 0.0616
1985 -2.6272
1986 -2.270%
1987 -2.0082

RV FAL 5
b Index is tuned to the

5

1

0
-0

1

1
-1
-2
-1
-4
-2
-1
-0
-0
-0
-1

1
-1
-1

0

SORTED BY YEAR
Observed
.9253

.3855
L1219

.0128
.7154
.3091
L1845

4586

. 1994
5900
8431
2773
.3928
.7182
8481
. 1805
. 5481
7145
14464

-1.3961

-1
-5
-3
-0
-2

L4586
.2831
.1008
.5488
L4077

-0.6585

-3

.2831

sum of Janl full stock sizes (in number)

Pred
1.4532
0.6376
0.0925%
1.3311
1.7611
-1.1171
-2.1202
-1.3530
-3.8923
-4.0787
-2.4496
-1,3507
-0.8837
-0.7415
-0.8898
0.9882
-0,5955
-1.3400
0.1209
-1.3861
-1.6526
-2.4330
-2.3449
-0.9642
-2.6934
-0.8906
~3.4893

partial variance for this index is

sum-of Janl full stock sizes (in number)

Pred

-0.9415

~0.7449
=1.4404
-0.1004
-1.5087
-1.9912
-2.5736

Weight
1.0000
1.0000
1.0000
1.0000
1.0000
1,0000
1.0000
1.0000
1.0000

888888
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-0.
-0,
.2093
-0.
.0814
-0.
12843
7210
-0.

5154
6193

0583
4608

3025

Wt Res

0.
-0.
-0.

4720
2521
2144

-0.3183
-0.0457

-0,
-0,
-0.

1920
0643
1056

-0.30M
1.4887
0.8015
1.0733
0.4909

0.

0233

-0.9582

0.

1942

-1.2526
-0.3745

0.0235
-0.009%9

0.

1940

-0.8501

-0.

7560

0.4154

0.

2858

0.2321
0.206%

Wt

0.5736
0.2450
-0.4197
-0.248%

-0.

6.0
-0.340%
1.0280

-0.

0252

1.6936
-1.4771
0.2320
0.6318
-0.4320
-0.2644
+0.0009
0.0220
~0.4266
0.1620
-1.118%
-0.27%

0.

5655

-0.6627
-0.7962
0.2691
-0.0749
0.1049
-0.5924
0.3655
0.9270
-0.3890

Std Res
0.56069
-0.3241
-0.2756
-0.4092
-0.0538
-0.2468
-0.0827
-0.1358
-0.3949
1.9141
0.7733
1.3799
0.6312
0.0299
-1,2320
0.2497
-1.6104
-0.4815
0.0302
-0.0128
0.24654
-1.0930
-0.9719
0.5341
0.3674
0.2984
0.2650

Std Res
0.7375
8.3150
~0,5396
-0.,3200
-0.3642
0.1004
-0.4378
1.3216
-0.0324
2.1774

-1.8991
0.2983
0.8123
-0.5554
-0.339%
-(.0011%
0.0282
~0.5480
0.2083
+1.4381
-0.3592
0.7270

2720.596
2303.629
$01.793
997.177
4768.775
677.872
4183.406
415.866
7175.617

Pred Stocksize
27423.029
12130.770

7032.550
24268.731
37310.480

2098.144

769,466
1657.280
130.792
108.544
553.544

1661.021

2649.709

3054.706

2633.526
17190.681

3534.809

1678.821

7235.610

1603. 180

1228.235

562.788
614,641
2444 .840
433.746
2631.54%
195.708

Pred Stocksize
16350.013
14560.085

5958.493
3253.502
10515.347
17410.066
1126.051
+61.685
1095.348
40.912
389.855
1164 .484
1703.407
1987.939
1481.109
8596.453
2046.224
1020.711
3898.086
953.352
588.464
328.665




-2.7814
-0.8842
-2.3759
-1.6828

16 RV FAL 8

D:BY YEAR
Observed
1.6356
0.7327
0.8926
-0.0013
-0.4493
-0.217%
0.4406
1.4259
-1,2822
-1.4389

-0.7316
-2.8916
-2.8916
-1.1849
-2.8916

-2.3953
-1.313
-2.9453
-1.1454

sum of Jan! full stock sizes ¢(in number)

Pred
0.9841
1.3739
1.0461
0.2065
-0.2724
0.9710
1.4589
-1,0404
-2.5851
-0.94613
-1.9921
-1.1848
-0.7993
-0.4950
-0.8990
0.8266
-0.5746
~1.2517
-0.1079
-1.2781
-1.8465
2377
-2.4011
-1.19%1
-3.0560

Pred
0.7360
0.5102
0.7193
0.5302
-0.2983

fal variance for this index is 0.

1.0000
1.0000
+.0000
1.0000

( variance for this index is 0.423554

Weight
1.0000
1.0000
1.0000
1.0000
1.0C00
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000C
1.0000
1.0000
1.0000
1.0000
1.0000

i variance for this index is 0.400509

R EEEREEE R

T

-0.3861
0.4289
0.5734

-0.5334

Wt Res
0.4418
-0.2160
-0.4247
-0.2013
0.2776
-0,0203
-0.3247
1.0820
-0.3001
-0.7199
-0.8931
0.8646
0.7474
-3.0231
0.9042
-0.7160
-1.3298

-0.7877
1.4240
-0.2356

-0.4964
0.5514
0.7373

-0.6857

Std Res
0.5680
-0.2777
-0.5460
-0.2588
0.3549
~3.0261
-0.4175
1.3911
-0.3a58
-0.9255
-1.1482
1.1116
0.9609
-0.0297
1.1625
-0.9205
-1.7097
-0.2149
0.0205
-0.9769
0.5498
0.1616
1.1599
-0.1950
0.5895

is tuned to the sum of Jan1 full stock sizes (in number)

Std Rea
1.1566
0.2860
0.2227
-0.6834
-0.1961
0.8053
-0.2675
0.3130
0.33469
2.1761
-0.6331
0.0528
0.98%0
-2.807T
-0.7526
1.8927
-1.3294
-0.4233
-1.11n
-0.9613
1.4308
-0.3029

392.835
1159.262
225.730
1365.503

Pred Stocksize
5525.899
8143,630
5867.427
2534.132
1569.794
5443.212
8866.755

728.297
155,406
788.231
281.191
630.372
926,831
1256.603
a38.902
4711.103
1160.454
589.571
1850.513
574.236
325.256
203.035
186.805
62%.191
97.043

Pred Stocksize

3309.095
2640,352
3254.39%
2693.762
1176.268
581.712
3032.3N
5171.120
338.40¢
56.458
575.4676
209.408
81.510
390.333
473,801




Index 18  CANADA 1
Index is tuned to the
for ages: 1
SORTED BY YEAR
Yr Cbserved
1986 1.2078
1587 -3.4999
1988 0.1919
1989 -3.6999
1990 -0.2659
1991 -0.6678

Partial variance for this index is 0.588545

Index 19  CANADA 2

Index is tuned to the

for ages: 2

SORTED BY YEAR
Tr Observed
1986 -2.0545
1987 0.5715
1588 -3.5361 -
1989 1.1083
1990 -2.T7477
1991 -0.0216

Partial variance for this index is 0.596358

Index 20 CANADA 3

Index is tuned to the

for ages: 3

SORTED BY YEAR
Yr Observed
1986 0.3340
1987 -1.8351
1988 0.67580
1989 -1.8207
1990 0.8245
1991 -3.4301

Partial variance for this index is 0.064%7

Index 21 CANADA &
Index is tuned to the
for ages: &
SORTED BY YEAR
Yr Observed
1986 -0.8386
1987 0.0140
1988 -2.6782
1989 -0, 1884
1990 -2.9465%
1991 1.2821

Partial variance for this index is 0.442007

Index is tuned to the sum of Jan1 full stock sizes (in nunber)

Ircdex 22  CANADA S

for ages: S

SORTED BY YEAR
Ir Observed
1986 -1.8691
1987 -0.6088
1988 0.84%94
1989 -1.9232
1990 1.0036
1o -2.4156

Partial variance for this index is 0.340032

sum of Janl full stock sizes (in number)

Pred

0.3228
-2.3651

0.5078
-3.4738
-0.8141%
-0.9114

sum of Jan1 full stock sizes (in number)

Pred
-1.7387

0,4986
-2.1886

0.4840
-3.2973
-0.6381

sum of Janl full stock sizes (in number)

Pred
0.5735
-1.56459
0.4310
-2.1218
0.7212
-3,2073

sum of Jan1 full stock sizes (in number)

Pred
-1.5112

0.0537
-1.8972
-0.0773
-2.3858

0.4623

Pred
=1.1244
-1.0363

0.3444
-1.3848

0.4180
-2.1807

Weight
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

Weight
1.0000
1.0000
1.0060
1.0000
1.0000
1.0000

Weight
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

Wt Res
0.8852
-1.3349
-0.3160
-0.2262
0.5482
0.4436

Wt Res

-0.3158
¢.0729
«1.3475
0.4262
0.5497
0.6165

Wt Res
-0.2374
-0.1892
0.2451
0.3011
0.1032
-0.2228

Wt Res
0.6727
~0.0396
-0.7810
-0.111
-0.5607
0.8158

Wt Res
-0.7647
0.4274
0.5050
-0.5383
0.5856
-0.2350

Std Res
1.1381
-1.7162
-0.4062
-0.2908
0.7048
0.5703

Std Res
-0.4060
0.0937
-1.7324
0.5454
0.7067
0.7927

Std Res
-0.3652
-0.2432
0.3151
0.3872
0.1327
-0.2865

Std Res
0.8548
-0.0510
-1.0041
-0.1429
-0.7208
1.0540

Std Res
-0.9574
0.5495
0.6493
~0.6921
0.7328
-0.3021

Pred Stocksize
14252.813
969,741
17153.334
320.008
4573.352
4149.244

Pred Stocksize
1245.077
11663.788
793.956
146040,.341%
261,599
I742.534

Pred Stocksize
8930.125
970.522
7764,351
602,984
10352.449
203.649

Pred Stocksize
97177
4T68.77S
&77.872
4183.406
415,366
7175.617

Pred Stocksize
562,788
614,641

2644 840
433,746
2631.541
195.708

.
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Fdex is tuned to the sum of Janl full stock sizes (in number)
ages: 6
ATED BY YEAR

Observed Pred Weight Wt Res Std Res Pred Stocksize
-0.4686 -0.3862 1.0000 -0.0823%  -0.1059 588,464
<1.7564 -0.9687 1.0000 -0.7877 -1.0128 328,665
-0,9455 -0.7903 1.0000 -0.1551 -0.1995 392.835
-0.0982 0.2918 1.0000 -0.3900  -0.5014 1159.262
-0.7004 -1.3444 1.0000 0. 6440 0.8280 225.730
1.2267 0.4555 1.0000 0.7712 0.9915 1345.505

jal variance for this index is 0.3884%2

ndex 26 CANADA 7
‘is tuned to the sum of Jani full stock sizes (in number)
ages: 7

Observed Pred Weight Wt Res Std Res Pred Stocksize
0.0099 0.1738 1.0000 -0.16%0 -0.2172 574.236
-0.1153 -0.3896 1.0000 0.2743 0.3527 325.256
-0.6833 -0.8609 1.0000 0.1776 (.2283 203,035
-2.4179 -0.9442 1.0000 -1.4737 -1.8%47 186.805
1.1748 (.2438 1.0000 0.9110 1.1713 625.191

-1.3193 -1.5%91 1.0000 0.2798 0.3597 97.043
ial variance for this index is 0,689021 -

rdex 25  CANADA 8

ndek is tuned to the sum of Janl full stock sizes (in number)

Observed Pred Weight Wt Res std Res Pred $Stocksize

0.6320 1.0402 1.0000 -0.4085  -0.5249 1039.128
-0.6763 -0.0935 1.0000 -0.5828  -0.7493 334.419
-0.5810 -0.6814 1.0000 0.1004 0.1290 185.767
-1.8803 -1.1483 1.0000 -0.7320  -0.9411 116,465
-0.4140 -1.1935 1.0000 0.7795 1.0022 111.324

0.8053 -0.0380 1.0000 0.8432 1.0841 353.517

L variance for this index is 0.508059

Standardized residuals by index & yr; with row/colum/grand means
1943 1964 1965 1964 1967 1968 1969 1970 197 1972 1973 1974

-99.0006 -99.0000 -99.0000 -99.0000 -99.0000 1.9725 -99.0000 -0.4648 -99.0000 1.0730 2.6247 -0.0147
0000 -99.0000 -99.0000 -99.0000 -99.0000 0.1715  -0.2332 0.2587  0.219¢ 0.2060 1.2968 1.7110
0000 -99.0000 -99.0000 -99.0000 -99.0000 -0.4428 -1.0537 -99.0000 0.8292 0.3177  -99.0000 1.6049
0000 -99.0000 -99.0000 -99.0000 -99.0000 -0.5954 -0.3745 -0.3421 -99.0000 1.0378 0.9223 -99.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -0.4454 -0.3096 1.1128  -1.6310  -0.2515 1.5362 0.6700
~99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -0.2582 0.2657 0.9475 0.3366 -2.0028 -99.0000 -99.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.000¢ -0.5995 -0.404% -0.1810 -0.9359 1.5716 -0.1464 0.8322
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 0.3518 0.45645 0.1504 -0.7703 -1.6375 0.1389 -0.6502
-99.0000 0.1007 -1.07T19 -0.93% 1.3510  -1.1123  -0.7809 -0.3784 -0.4153 0.7085 0.9631% 0.8036
-99.0000 -0.7260  0.0359 0.8203 0.0035 7.1330 -0.5551 -2.7632 1.7019  -99.0000 0.3053 1.0588
-0000 0.8an 1.3319 0.8600 0.6002 -0.4771 -0.1065 -99.0000 0.8870 -0.2438 -99.0000 0.9713
-59.0000 0.5941 0.8138  -0.1436 0.2966 -0.0068 -1.0352 -0.8926 -1.117% 0.5554 1.0197 -99.0000
=99.0000 0.6069 -0.3241 -0.2756 -0.4092 -0.0588 -0.2468 -0.0827 -0.1358 -0.3949 1.9141 0.7733
-99.0000 0.7375 0.3130 -0.539%6& -0.3200 -0.3542 0.1004 -0.4373 1.3216  -0.0326 -99.0000 2.1774
-99.0000 0.5680 -0.2777 -0.54860 -0,2588 0.3569 -0.0261 -0.417% 1.3911  -0.3858 -0.9255 -99.0000
99.0000 1.1566 0.2860 0.2227 -0.56834 -0,1941 0.8053 -0.2475 0.3130 0.3349 2.1761  -0.633%
*99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -9$9.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
*99.0000 -99.0000 -99.0000 -99.0000 -99,0000 -99,0000 -59.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
*99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -$9.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
99.0000 -99.0000 -9$9.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -9$9.0000 -99.0000 -99.0000 -99.0000
99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.000¢ -99.0000 -99.0000 -$9.0000 -99.0000 -99.0000
299.0000 -99.0000 -99.0000 -59.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
1.0000 0.4906 0.138 -0.0677 0.0738 -0.0382 -0.2327 -0.339¢9 0.1425 0.0572 0.9854 0.7587




-0.6574 1.7231 -1.9625  -3.4368 0.9566 1.1938 1.0986 0.5863 -0.3990 -0.6265
-1.0679  -2.1258 0.5484 -1.413% 0.2741 1.2458 0.6119 0.0668 0.0828 0.8578
0.7423  -1.2557 -1.3261 0.2355 -0.8550 -0.9115 1.3210  -0.3953  -0.6407 0.7013
¢.1008 -0.1085 0.1739  -1.1744  -0.2432 -0.2721 1.5002 0.4027 -1.3953 0.1764
-99.0000 0.0184 -0.18519 0.2439 -0.9169 0.1384 -0.1757 0.0047 0.3502 0.4610
0.7378 -99.0000 0.8529 1.1456  -1.1222 0.8934 0.1102 -0.4197 -3.0001 -0.1028
3.0945 -0.5035 -99.0000 0.0055 0,5483 0.1769 0.2061 -0.8344 -2.4260 -0.9511
1.0297 -99.0000 -0,3837 1.2820 -0.7318 1.5723  -0.3407 -99.0000 0.4409 -2.0574
-0.6718 0.4193 0.8366 -2.5182 -0.0016 -0.2359 3.0068 -0.0169 1.3660 0.9702
-0.4410  -1.3277 1.2376 -0.4974  -0.6333 1.1128 0.2162 1.7027 -99.0000 -1.3516
-0.5091  -0.7106 -0.7398 0.8029 -0.4081 -3.9938 1.0828 0.9324 0.7215  -0.4150
-0.6674 2.1693 -0.7390 -0.3359 0.5729 -0.2608 -0.3966 0.4222 -0.6627 -0.7962
-99.0000 1.3799 0.6312 0.0299 -1.2320 0.2497 -1.6106  -0.4815 0.0302 -0.0128
-1.8991 -99.0000 0.2983 0.8123 -0.5554 -0.3399 -0.0011 0.0282 -0.5460 0.2083
-99.0000 -1.1482 -99.0000 1.1116 0.9609 -0.0297 1.1625  -0.9205 -1.7097 -0.2149

—a ek b b kA —a
MOV P = O 0ROV

-99.0000 -99.0000  0.0628  0.980¢ -2.8071 -0.7526  1.8927 -99.0000 -1.3294 -99.0000
-99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99,0000 -99.0000
19 ® -99.0000 -99.0000 -99.0000 -$9.0000 -99,0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
20 @ -99.0000 -99.0000 -59,0000 -9$9.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
21 @ -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -$9.0000 -99.0000 -99.0000
22 @ -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
23 m -99.0000 -99.0000 -99.0000 -$9,0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
2 ® -59.0000 -99.0000 -99.0000 -99.0000 -99.000¢ -99.0000 -$9.0000 -99.0000 -99.0000 -99.0000
25 W -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000
** @ -0.0174 -0.1308 -0.0468 -0.1787 -0.3984 -0.0133  0.6053  0.0770 -0.5138 -0.2105
" 1987 1988 1989 1990 1991w waarue
B L L L L L T e R L L vassssmmsannmnn
1@ -99.0000 -1.1728 -1.1255 -0.1864 -0.6570 0.0000
2w 0.1153 -2.2223 -0.1196 -99.0000  0.0569 0.0000
3w -1.9593 -1.0252 1.2991  0,9052  1.8831 -0.0000
4 W -0.5529 -0.3968 -0.5007  1.4676  0.0381 0.0000
58 -0.9800 -0.9728 0.1877 -0.2592  0.5428 0.0000
6®  0.4360 0.4411 0.6907  0.2623 -1.3951 0.0000
7w -0,7907 0.8289 0.1567 -0.3070  0.1076 0,0000
8® 0.9393 0.9159 0.3906 -99.0000 -1.3239 0.0000
9 W -99.0000 -0.4955 0.2489 -0.6819  0.0856 0.0000
10m  0.4083 -99.0000 -0.5063 -0.6602 -0.6860 0,0000
11 ® -1.1273 -1.0047 0.3758  0.2535 -0.5322 0.0000
12m  0.1049 -0.5926 0.3655 0.9270 -0.3890 0.0000
13 ®  -0.9719  0.5341 0.3474  0.298  0.2650 -0.0000
14 8  0.7270 -0.4964 0.551%  0.7373 -0.6857 0.0000
15 m  0.5498  0.,1616 1.1599 -0.1950  0.5895 0.0000
168 -1.7171  -0.5613 1.8308 -0.3029 -99.0000 0.0000
18 @ -1.7162 -0.4062 -0.2908 0.7048  0.5703 -0.0000
198 0.0937 -1.73264 0.5456  0.7067  0.7927 -0.0000
20 @ -0.2432  0.3151 0.3872 0.1327 -0.2865 0.0000
21 @ -0.0510 -1.0041 -0.1429 -0.7208  1.0540 0.0000
228 0.5495 0.6493 -0.6921 0.7528 -0.3021 0.0000
238 -1.0128 -0.1995 -0.5014  0.8280  0.9915 0.0000
2w 0.3527 0.2283 -1.8%47 1.1713  0.3597 -0.0000
25 M -0.7493  0.1290 -0.9411  1,0022  1.0841 -0.0000
** & -0.3452 -0.377% 0.0767 0.3107  0.0985 -0.0000

=99 in the above table indicates a missing value




Percent of total sum of squares by index & yr; with row/colum sums

1976 1977
-99.00 -99.00 -99.00 -99.00 0.98 -99.00 0.05 -99.00 0.29 1.74 0.00 2.1 0.75 0.97
-99.00 -99.00 -99.00 -99.00 0.0 0.01 0.02 0.0 0.01 0.42 0.74 0.29 1.14 0.08
-99.00 -99.00 -99.00 -99.40 0.05 0.28 -99.00 0.17 0.03 -99.00 0.50 0.14 0.40 0.44
-99.00 -99,00 -99.00 -99.00 0.09 0.04 0.18 -99.00 0.27 0.2 -99.00 0.00 0.00 0.01
-99.00 -99.00 -99.00 -99.00 0.05 0.02 0.3 0.67 0.02 0.60 0.1t -99.00 0.00 0.01
-99.00 -99.00 -99.00 -99.00 0.02 0.02 0.23 0.03 1.01 -99.00 -99.00 0.14 -99.00 0.18
-59.00 -99.00 -99.00 -99.00 0.09 0.04 0.01 0.22 9.62 0.0 0.17 2.42 0.09 -99.00
-99.00 -99.00 -99.00 -99.00 0.03 0.05 0.0 0.15 0.468 0.00 0.1% 0.27 -99.00 g.03
0.00 0,29 0.22 0.47 0.31 Q.15 0.19 Q.04 0.13 0.23 0.16 0.11 0.04 g.18
0.13 0.00 0.17 .00 0.32 0.08 1.93 0.73 -99.00 0.02 0.28 0.05 0.45 0.39
0.20 0.45 Q.19 0.09 0.06 0.00 -99.00 0.20 0.02 -99.00 0.24 0.07 0,13 0.14
0.09 a.17 0.01 0.02 0.00 0.27 0.20 0.32 0.08 0.26 -99.00 0.1 1.19 0.14
0.09 0.03 0.02 0.04 0.00 0.02 0.00 0.00 Q.04 0.93 0.15 -99.00 (.48 .10
0.14 0.03 0.07 0.03 0.03 Q.00 0.0% 0.44 0.00 -99.00 1.20 0.9 -99.00 0.02
0.08 Q.02 0.08 0.02 0.03 0.00 Q.04 0.49 0.04 0.22 -99.00 -99.00 0.33 -99.00
0.34 0.02 0.0 0.12 0.01 0.16 0.02 0,02 0.03 1.20 ¢.10 -99,00 -99.00 0.00
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00
-59.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -$9.00 -99.00
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.0¢ -99.00 -99.00 -99.00 -99.00
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00
1.07 1.00 0,77 0.78 2.09 1.15 3.24 3.51 3.25 5.84 3.77 4.61 5.00 2.69
1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 199 hestey
0.23 0.38 0.30 .09 0.04 0.10 -99.00 0.03 -99.00 .35 0.32 0. g.11 1017
0.02 0.39 0.09 0.00 0.00 0.19 0.03 0.19 0.00 1.25 0.00 -99.00 0.00 5.40
0.18 0.21 0.44 0.0 0.10 0.12 0.06 0.02 0.97 0.27 0.43 0.21 0.90 5.97
0.01 0.02 0.57 0.04 0.49 0.01 0.12 0.00 0.08 0.04 0.06 0.54 6.c0 3.10
0.21 0.00 0.1 0.00 0.03 0.05 0.36 0.05 0.24 0.26 0.01 0.02 0.10 3.14
0.32 Q.20 0.00 0.04 2.41 0.00 0.10 0.10 0.05 0.05 0.12 0.02 0.49 5.87
0.08 0.0t o.m 0.18 1.49 0.23 0.27 0.04 0.6 0.t7 0.0 0.02 0.00 6.34
0.14 0.62 0.03 -99.00 0.05 1.07 0.01 0.00 0.22 0.21 0.04 -99.00 0.44 4.58
0.00 0.01 2.28 0.0 0.47 0.24 1.93 0.92 -99.00 0.12 0.02 0.12 0.00 10.26
0.10 0.31 2.01 0.73 -99.00 0.46 0.01 0.10 0.06 -99.00 0.06 .1 0.12 6.68
0.09 4.03 0.30 0.22 0.13 0.04 0.31 0.03 0.32 0.25 0.04 Q.02 0.07 7.78
0.08 0.02 0.04 0.05 o 0.16 0.02 0.00 0.00 0.09 0.03 0.22 0.04 3.73
0.38 0.02 0.65 0.06 0.00 0.00 0.02 0.30 0.24 0.07 0¢.03 0.02 0.02 3.72
0.08 0,03 0.00 0.00 0.08 0.01 0.52 0.03 0.13 0.06 0.08 0.14° 0.12 4.3
0.23 0.00 0.34 0.2% 0.7+ 0.0 0.00 0.2 0.08 0.01 0.34 0.0 0.09 3.96
1.99 0.14 0.90 -99.00 0.45 -99.00 -99.00 0.03 0.74 0.23% 0.85 0,02 -99.00 7.8
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 0.33 0.74 0.04 0.02 0.13 0.08 1.34
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 0.04 0.00 Q.76 0.08 0.13 0.16 1.16
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 0.02 0.0% 0.03 0.04 0.00 0.02 0.13
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 0.19 0.00 0.25 0.01 0.13 0.28 0.8
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 0.23 0.08 0.1 0.12 0.14 0.02 0.70
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 0.00 0.26 0.01 0,06 0,17 0.25 0.76
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 0.01 0.03 0,01 0.9 0.35 0.03 1.3%
-99.00 -99.00 -99.00 -99.00 -99.00 -99.00 -99.00 0.67 0.14 0.00 0.22 0.25 0.30 0.99
4.16 6,38 5.9 t.66 6.5 2.70 3.75 3.00 4.55 4.3 3.89 2.77  3.64 100.00
he above table indicates a missing vaiue
Partial variance (and proportion of total) by index
1 2 3 4 5 6 7 3 9 10
1230554294 0.59713279 0.69176917 0.35986326 0.34747173 0.71526086 0.70063704 0.55772776 0.95734196 0.67658452
0.09453941 0,04324069 0.05009368 0.02605909 0.02516177 0.05179480 0.05073583 0,04038722 0.06933931 0.04899410
1" 12 13 14 15 16 18 19 20 21 22

----- LR R R L L L L L R T )

).38849207 0.68902135 0.50805871 13.80951073
.02813221 0.04989470 0.03679049  1.00000000

et T T L L L L T e L e T T L L L N srsewnsaacesare EET TR R R Y E R LY T

). 75550748 0.34857523 0.34682855 0.42359435 0.40050923 0.88737924 0.68864520 0.59635789 0.06496993 0.44200744 0.36003201
.05470921 0.02524168 0.02511519 0.03067410 0.02900242 0.06425856 0.04986746 0.04318458 0.00470472 0.03200747 0.02607131




SO OB O WP N PO e

STOCK NUMBERS (Jan 1) in millions - GBHAD

. 1963 1964 1965 1966 1967 1968 1969 1970 1971 -
§ 190696.201 471862.130 33152.206  4136.347 1298.136  421.702  987.835 4658.061  367.837  a50a.p;
" 32265305 153495.768 3771881274 18455.367  3283.403 9560.47¢  338.022  806.962 3772.075 300 s}
W 32762065 22756.721 111253.121 194970.806 89181190 2536.211 S1I8.371  266.796  517.720 taug e
B ISB19.430 20004.852 14509.360 50826.706 68411.934 4e85.712 1434.944  2654.154  203.957 20300
29030142 27423.029 12130.770  7032.950 24268.731 37310.680 2096.144  769.486 1657.280 139 o
9186251 16350.013 14560085  S958.693  3253.502 10315.347 17410.066 1126.051  481.485 1095 e
559,502 5525.899  B143.630  SB&T.427  2534.132 1569.79% S443.212 BB&6.TSS  T2B.297 133 cn
" 279l 3309.095  2640.352  3254.396  2693.762 1176.268  681.712 3032311 S171.120  33a
" 217236 4250.791  3258.240  2200,525  2031.087 2162.806 1711.221 1873.016 3240.956  63g: s
e b b LR L R R R
B IS2345.579 725066.297 574836,040 292701.435 128342.878 69938.992 35223.527 24053.570 16120.927 18396 170
. 1973 1974 1975 1976 1977 1978 1979 1980 1981 1082
g U ORI
® 19602.982 10521.1%% 7636.201 103024.629 13704.311 6018.020 83599.850 10011.438 7111.586 242242
B 6824.9%5 13569.435 8572.337  6076.627 B4219.136 11219.236  4926.233  6B464.843  B189.434 5821 54
N 204018 3710.247 7200.816  &082.836  4547.133 51231.556  B496.983  4009.733 27987.955 5127 300
B 1102.606  197.071 2443.215  4208.912  44B2.543 3553.673 28919.715  S5304.967  2968.913 12963157
W 108,544 553.546  159.538  1661.021  2649.709 3054.706  2633.526 17190.681 3534.809  1678.821
W 78,129 40.912  389.885  127.000  1164.484 1703.407  1987.939  1681.109 B596.653 2046 2%
N 788231 36.821  31.686  281.191  103.978  630.372  926.831  1256.603  838.902  4711.103
W S6.658  S575.676  28.337 22,323 209.408  B1.510  390.333  473.801  534.779  87.7u
N 1675.954 2695.273  620.622  621.718  592.762  388.075  185.742  248.594  315.555 398391
L L Ll L L L L e T L L L L LR R I R R R L R e R
W 30282.147 31900.091 27080.617 122106.254 111673.443 77820.555 132067.122 108711.789 60078.585 33557.768
. 1983 1984 1985 1984 1987 1988 1989 1990 1991
P S e T AN AN N AR LS A E S LS N A S A A Sy AN AN Es AN NS EE YT R TATTARTAR T AT TA R TAT TS T AR T AR T e T =
B O2849.309 16569.942 1520742 14252.813  969.741 17153.331  320.008 4S73.352  4149.24k
" 1982.732 2332.816 13566.320 1245.077 11663.788  793.956 14040.341  261.999 3742.534
W 3712162 1429.689 1825.799 8930.125  970.522 7744351  602.98% 10352.449  203.649
N 2720696 2303.629 901.793  G9T.AT? 476B.77S  6TT.872 4183.406  415.866 7175.617
W 7235.610  1603.180 1228.235  562.788 614,641  2046.840  433.746 2631.541  195.708
B 1020711 3898.086  953.352 588,454  328.845  392.835 1159.262  225.730  1365.505
W 110,454  SB9.571 1850.513  574.236  325.266  203.035  186.805  625.191  97.043
W 2864.612  781.800 270.968 039,128  334.419  185.767  116.465  111.321  353.517
B 268128 1574.901  523.825  32.712  422.176  304.737  185.900  118.475  113.428
B L T T T L L L. L L e B T T A L T T
B 23794.41 31083.613 22641.547 542,518 20397.980 29900.72¢ 21228.926 19315.923 17396.26é

Summaries for ages 2939495969
" 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
P e ek 965 1966 1967 19es e wro et T
N 161649.377 253204.167 543683.834 288565.288 115396.742 69517.289 3423S.692 19395.510 1753.090 1038777
U 12930072 9970.A00 164498559 2701090901 112111339 $99%6.815 3I357.70 1858B.S43 11981.015 1006730
U 96442000 76953.679 S5242.438 75130.095 103193.149 57420.605 28779.299 18321.752 1l4e3.293 8233
W 50322.577 SGASB.827 4O733.078 24314.300 3A7BI.214 52734.893 27346.355 15667.599 11259.338 802128
N 21792435 29435.798 28602.308  17281.440  10512.483 1542¢.213 25246.212 14898.133 9602.058 7890
. 1973 1976 1975 1976 1977 1978 1679 1980 1981 1982
LA T PR ey SRR ppepppappep SRR SRR B S £ 1
S O10879.165 21372978 19646.416 19081.625 97969.132 71862.535 4847272 98700.351 52966.5%9 3313948 o
N 4050230 7809.5A3 10874.079 13004.998 13749.996 60643.209 43541.038 30255.488 777.568 27313378 [y
" 3810212 4099.297 3673.263 6922.16h 9202.863 9411.743 35044.086 26245.755 16789.611 22185.56 Py
" 2707.516 3902.226 1230.048 2713.252 4720.321 S8S8.070 6124.373 20830.788 13820.698 9222.372 oy
W 2598.972 3348.682 1070.510 1052231 2070.612 2803.366 3490.845 3660.107 10285.889 7543.5
. 198 1985 1986 1987 1088 1989 1990 1691
L T Tk T ey S e A T T LI L L L L T T e
B 14513.671 21120.805 14169.705 19428.239 12747.392 2090B.918 14742.571 13247.000
 12180.854  7554.485 12926.627 T764.450 11953.437 4BSB.578 14480.572  9504.468
W O10751.166 5728.685 3994.503 6793.930 4209.086 6265.593 4128.123  9300.817
8 8447.537 4826.893 2997.326 2025.155 3531.214 2082.187 3712.257 2125.200
U 6844358 3598.658  2434.538  1410.515 1086.376  1648.441 1080.747  1929.492




FISHING MORTALITY - GBHAD

1965 1966

1964 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1579

0.3858 0.0309 0.1033 0.0212 0.0022 0.0110 0.0030 0.0205 0.1576 0.0048 0.0282 0.0015 0.0001 0,0002 0.0000

0.4599 0.5273 0.0582 0.4248 0.0365 0.2438 0.5156 0.0074 0.4095 0.4336 0.1431 0.0900 0.2971 0.0779 0.0059

: 0.5834 0.8473 0.4436 0.3695 0.4567 0.0686 0.6463 0.3143 0.0137 0.2178 0.3370 0.1053 0.0465 0.3718 0.2542

%3 0.3047 0.5242 0.5392 0.4063 0.6035 0.4232 0.2709 0.2443 0.5159 0.4892 0.0113 0.1859 0.2628 0.1835 0.0997 0.3202

7104331 0.5109 0.5709 06364 0.5622 0.4223 0.3108 0.2141 0.3153 0.7757 0.1505 0.0281 0.1552 0.2418 0,2296 0.2489

074970 0.7089 0.6550 0.52B8 0.4585 0.4747 0.2358 0.8888 0.1291 0.5523 0.0555 0.1268 0.0000 0.4137 0.4086 0.2587

05385 0.7172 0.5785 0.5675 0.6341 0.3850 0.3392 0.5665 0.8090 0.1142 0.0619 0.1503 0.0947 0.0434 0.2793 0.4710

7 0.4206 0.6123 0.5632 0.4720 0.5545 0.4538 0.3173 0.3768 0.2428 0.3461 0.1073 0.1696 0.2207 0.2305 0.2105 0.3172

20,4206 0.6123 0.5632 0.4720 0.5545 0,4538 0,3173 0.3768 0.2428 0.3481 0.1073 0.1696 0.2207 0.2305 0.2105 0.3172
;1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
"0.0002 0.0005 0.0000 0.0000 0.0000 0.0005 0.0000 0.0003 0.0000 0.0005
£943 0.2682 0.2500 0.1270 0.0451 0.2182 0.0491 0.2095 0.0751 0.1047 0.0519
05 0.5697 0.4338 0.2771 0.2608 0.4048 0.4273 0.1589 0.4158 0.1715 0.1665
28 0.3701 0.3831 0.3289 0.4289 0.2715 0.2835 0.4681 0.2485 0.2636 0.5537
7530 0.3467 0.2976 0.4185 0.3198 0.5358 0.3379 0.2476 0.5462 0.4531 0.4560
- 0.4015 0.3472 0.3489 0.5450 0.3069 0.3929 0.2817 0.5433 0.4175 0.6442
3% 0.5728 0.3045 0.1950 0.5774 0.3771 0.3406 0.3601 0.3558 0.3177 0.3701
514 0.3953 0.3602 0.3722 0.4739 0,3829 0.3325 0.4313 0.4792 0.3088 0.5060
14 0.3953 0.3602 0.3722 0.4739 0.3829 0.3325 0.4313 0.4792 0.3088 0.5060

Avg F for ages 2932495969

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

3037 0.3733 0.5911 0.6056 0.4481 0.5202 0,3883 0.2630 0.4787 0.3221 0.3809 0.1432 0.1638 0.1437 0.2109 0.2360 0.274)

58 0.4092 0.5099 0.6167 0.5038 0.5338 0.4385 0.2657 0.4734 0.3670 0.3768 0.1017 0.1667 0.1513 0.1986 0.2586 0.3125

3320 0.4357 0.6143 0.5783 0.5138 0.5612 0.4355 0.2986 0.4444 0.3758 0.4373 0.0823 0.1384 0.1590 0.2239 0.2397 0.3222

3358 04620 0.6323 0.5861 0.5353 0.5527 0.4379 0.3041 0.4844 0.3478 0.4269 0.0965 0.1289 0.1383 0.2320 0.2677 0.3226

3362 0.4692 0.6627 0.5900 0.5101 0.5504 0.4418 0.3024 0.5522 0.3559 0.3397 0.0830 0.1541 0.1340 0.2295 0.2772 0.3410
80 1981 1982 1983 198 1985 1986 1987 1988 1989 1990
4429 0.4149 0.3446 0.3050 0.3906 0.3600 0.3121 0.3236 0.3927 0.2932 0.4068
4069 0.6359 0.3581 0.3304 0.4400 0.3803 0.3497 0.3398 0.4380 0.3201 0.4575
80 0.4136 0.3455 0.3393 0.4698 0.3762 0.3367 0.3700 0.4417 0.3449 0.5060
5051 0.4223 0.3379 0.3414 0.4780 0.3971 0.3473 0.3504 0.4808 0.3612 0.4965
081 0.4412 0.3480 0.3221 0.5176 0.3625 0.3497 0.3761 0.4644 0.3382 0.5066

Avg F (weighted by N) for ages 2939495969
1966 1965 1966 1967 1968 1969 1970 1971 1972 1973 1976 1975 1976 1977 1978 1979
75 0.2238 0.5002 0.7510 0.4573 0.5246 0.4466 0.3095 0.4238 0.2519 0.3819 0.3337 0.2195 0.1425 0.2793 0.3054 0.2731

measesssssesum P T e R Y R A

5392 0.4149

0.5915 0.7663 0.4690 0.5406 0.4507 0.3126 0.3950 0.2592 0.3354 0.1599 0.2804 0.1671 0.1706 0.3475 0.3033
0.6078 0.5562 0.4712 0.5481 0.4496 0.3159 0.3836 0.2468 0.3560 0.1076 0.1696 0.2214 0.2319 0.2153 0.3153
0.6376 0.5916 0.5989 0.5432 0.4510 0.3235 0.3861 0.23% 0.3018 0.1125 0,1372 0.1572 0.2779 0.2855 0.2921
0.4943 0.5000 0.5126 0.4971 0.4534 0.3242 0.4158 0.2381 0.2820 0.1062 0.1534 0.1604 0.3241 0.3464 0.3247

1962 1983 1984 1985 1985 1987

0.350% 0.3316 0.3831 0.2792 0.3670 0.2840 0.4160 0.1678 0.2483
0.3720 0.3530 0.4479 0.3888 0.3976 0.3960 0.4387 0.2969 0.2519
0.4727 0.3036 0.3312 0.4299 0.4807 0,3090 0.4859
0.3219 0.3806 0.4347 0.4046 0.3459 0.3398 0.5256 0.4002 0.4561
0.3273 0.3289 0.5233 0.3598 0.3490 0.3800 0.4793 0.3862 0.4563

Avg F (wt by catch) for ages 2939495969
1967 1968 1969 1970 1971 1972 1973 197& 1975 1976 1977 1978

.5312 0.4522 0.3151 0.4548 0.2847 0.4099 0.3846 0.2540 0.1740 0.2914 0.3483 0.3068
.5453 0.4526 0.3176 0.4308 0.2850 0.4107 0.1800 0.3022 0.1963 0.2327 0.3612 0.3078
5510 0.4519 0.3185 0.4150 0.2768 0.4119 0.1143 0.1767 0.2369 0.2531 0.2658 0.3183
J5440 0.4533 0.3255 0.4182 0.2642 0.3640 0.1148 0.1524 0.1727 0.2992 0.3047 0.3090
5027 0.4558 0.3262 0.4383 0.2631 0.3256 0.1067 0.1550 0.1998 0.3570 0.3625 0.3454




w 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
P L R R R T T T T Uy AP
2 80.6418 0.4918 0.3596 0.3542 0.4572 0.3055 0.3974 0.3239 0.4436 0.2212 0.3157
3 ®0.4562 0.5163 0.3752 0.3638 0.4889 0.4014 0.4025 0.4245 0.4486 0.3142 0.3169
L 80,4708 0.3969 0.3606 0.3803 0.4837 0.4003 0.3341 0.4405 0.5028 0.3223 0.4726
S W 0.5034 0.4024 0.3241 0.3902 0.4973 0.4176 0.3482 0.3557 0.5291 0.4055 0.4620
5 m0.5492 0.4189 0.3295 0.3428 0.5252 0.3622 0.3505 0.3834 0.4866 0.3912 0.4768

BACKCALCULATED PARTIAL RECRUITMENT

8 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
S GO R i et A L L L E L LR L L EE LT E LT EP T
1 ®0.05 0.04 0.54 0.04 0.16 0.03 0.00 0.03 0.00 0.03 0.20 0.01 0.08 .01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 g v
2 #0.40 0,23 0.64 0.62 0.09 0,67 0.08 0.72 0.58 0.01 0.53 1.00 0,42 0.34 0.72 0.19 0.01 1.00 0.47 0.58 0.30 0.0 ¢ .
3 80.77 0.46 0.81 1.00 0.70 0.58 0.94 0.20 0.73 0.39 0.02 0.50 1.00 0.40 0.11 0.91 0.54 0.14 0.99 1.00 0.88 0.45 ¢ +.
i 0.8 0,57 0.73 0.64 0.64 0.95 0.89 0.80 0.27 0.64 0.63 0.03 0.55 1.00 0.4% 0.24 0.68 0.32 0.65 0.88 0.79 0.7, o'y,
5 w1.00 0,80 0.71 0.67 1.00 0.89 0.89 0.92 0.24 0.39 1.00 0.35 0.08 0.59 0.58 0.56 0.53 0.71 0.61 0.69 1.00 0.55 1 39
5 (.82 0.92 0.99 0.77 0.83 0.72 1.00 0.70 1.00 0.16 0.71 0.13 0.38 0.00 1.00 1.00 0.55 0.71 0.70 0.85 0.83 0.4 os7
7 ®0.87 1.00 1.00 0.8 0.89 1,00 0.81 1.00 0.64 1.00 0.15 0.14 0.45 0.36 0.11 0.68 1.00 0.94 1.00 0.70 0.47 1.00 9%
8 .90 0.78 0.85 0.66 0.74 0.87 0.96 0.94 0.42 0.30 0.45 0.25 0.50 0.84 0.56 0.52 0.67 0.64 0.69 0.83 0.89 0.8 o7
9 ®0.90 0.78 0.85 0.66 0.74 0.87 0.96 0.94 0.42 0.30 0.45 0.25 0.50 0.84 0.56 0.52 0.67 0.64 0.69 0.83 0.89 0.82 o7y

u 1987 1988 1989 1990
amedh-usmumesme-smmsemars
1 80.00 0.00 0.00 0.00
2 40,45 0.14 0.23 0.08
3 80.36 0,76 0.38 0.26
4 1,00 0,45 0.58 0.86
5 80.53 1.00 1.00 0.71
6 m0.60 0.99 0.92 1.00
7 80,77 0.65 0.70 0.57
8 90.92 0,88 0.68 0.79
9 w0.92 0,88 0.68 0.79

MEAN BIOMASS (MT)

. 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
RSSO u USROG GOy s DN S s O S
1 W 97711.553 211379.963  14552.475  2142.216  7371.41%4  223.209  465.063 2981.647 223,045 4773
2@ 23693.406 108931.989 190530.499  9573.086  2025.623 5758.798  234.785  B827.431 2774.966  279.300
3@ 30569.037 20522.759 79447.600 107550.006  6247.684 2030.269 4127.602  285.445  457.586  2508.719
LW 52681.447 22564.336  13937,206 45266.243 60533.460 4251.076 1804.495 4085.303  286.533  323.547
5@ 37105.722 33320571 14499.163  a334.773  23351.153 40990.148 2733.510 1319.542 3243.204  247.348
&8 15483.663 23665.715 19032.903  8291.042  4736.088 16176.197 25196.865 2181.534  790.422 2725.506
78 10227.782  9377.112  12046.787  9295.011  4086.837 2470.171 10384.633 17682.477 1485.362  299.472
8 W 6577.008  4508.838  4808.657  6533.089  S5217.566 2163.863  1496.295 7646.748 12181.404 940,558
9w 10121.589  9406.251  6937.832  4895.521  4584.766 4343.157 4559.926 5483.596 9161.510 18634.037
R L L R R i b
1+8 284171.207 445677.515 355793.121 201880.987 118154591 78406.388 S1003.174 42494.023 30604.010 30692.459

. 1973 1974 1975 1976 1977 1973 1979 1980 1981 1982
0SS PRS00 UL PPl s O
1 W 97B7.641 6849.707 4232.009 46453.126  6582.796 2890.581 40158.060 49BB.4TS  2513.579  482.9%
2m S5263.676 10854.142 7111.421 5222.225 71010.038 9207.419  4452.272 42526.488 5689.461  4547.395
T8 347.141 5519.598 9081.737 7286.435  5803.222 58527.249  8741.04h 4190,588 26206.406 5507.045
L m 1697.26h 412,135 4A79.730  6705.100  B079.135 6264.139  45549.112  7611.207  4141.117 18466.592
Sm  167.066 1320.419  313.832 3718.916  SBL7.195 6928.269  5325,745 26910.807 6262.990  3134.534
6w  180.652 135.746  977.767  354.52¢  2793.604 4070.356  5006.461 3416.735 17572.002 4310.280
78 2313.276  131.196  106.927  898.659  382.997 1687.699  2552.153 3041.700 2147.236 11987.087
g8 168,516 1942.861 95, 85.097  680.660  261.338  1155.038 1245.035 1628.102 1174.366
9 m 5088,026 SABS.290 2246.598 2507.071  2403.489 1626.456  706.256  710.128 1055.806 1249.107
[ T L L L L L R L e R L R R R
1+0 25013.217 36852.095 20645.966 73431.130 103583.134 91443.506 113646.142 94647.164 65237.297 50859.400




1983 1984 1985 1986 1987 1988 1989 1990
855.212 4955.974 454,845 5811.785 377.936 6528.847 153,720 2652:;.’06
4.989  1903.447 10976.264 1035.979 7943.667  680.215 10771.576  224.652
(064,380 1512.113  1904.265 9021.308 1166.113 7748.250  745.395 12654.133
3866.628  3129.189 1423450  1446.694  6956.745  918.550 5992.453  525.758
1924.950 2750.540 2138.2%4 1114.324 1114.855 3549.054 703,876 4071.877
2081.627 7338.05B  2034.141 1256.324  685.975  679.076 2222.840  393.292
$195.762 1213111 4302.408 1312.981  752.084  462.610  472.461 1343.776

77,989 1939.542  763.860 2787.556  934.856  470.559  324.959 253,109
871.804 6262.315 150B.419  82.006 1342.956  875.872  556.603  353.501
15760.342 29004.288 25506.756 20468.958 21275.186 21913.053 21943.881 22472.306

summaries for ages 29394959469

1963 1964 1965 1964 1967 1968 1969 1970 1971 1972
186459.454 234297.572 341240.646 199738.771 110783.177 78183.678 50538.110 39512.376 30380.965 25956.485
162766.247 125365.583 150710.147 190165.686 108757.554 72624.880 50303.326 38684.765 27606.021 25679.185
132197.211 104842.823 71262.547 B2615.679 102509.870 70394.611 46175.724 38399.300 27148.435 23170.466
70515.763  B2278.487 57325.341 37T49.436  41076.410 66143.536 44371.030 34313.997 26861.902 22846.919
3410.042 48957.916 42826.178  29014.663 18625.257 25153.388 41437.520 32094.455 23618.698 22599.573

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
§5225.576 30002.387 26413.956 26778.025 97000.340 B88552.925 T73488.081 B89652.688 62723.718 50376.406 34908.130
19961.900 19348.245 17302.536 21555.800 25990.302 79345.506 69035.809 47126.200 57034.258 45829.011 33183141
9614.759 13828.647 B8220.798 14269.365 20187.080 20818.257 6029%.765 42935.412 32827.852 40321.966 29138.761
17.515 13416.512 3741.068 7566.265 12107.946 14554.118 146745.653 35324.405 28686.734 21855.374 25272.133
T750.469 12095.093 3427.236 3845.352 6260.751 7625.849 9419.908 8413.598 22423.745 18720.840 13347.183
- 1984 1985 1986 1987 1988 1989 1990
20048.316 25051.911 18657.173 20897.250 15384.186 21790.161 19820.098
22144.868 14075.647 17621.194 12953.583 14703.971 11018.586 19595.448
20632.755 12171.383  8599.886 117B7.470 6955.721 10273.191  6941.313
17503.565 10747.723 7153.192 4830.725 6037.171 4280.738  6415.555
14753.025 B8608.829 6038.868 3715.870 2488.117 3576.862 2343.477

CATCH BIOMASS (MT)

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973
861.937 5060.939  5613.660 86,264  761.57% 4.730 1.062  32.720 0.671  96.91% 1542.601
3535.527 13274.999 B7623.954  S047.536 117,910  2646.344 8.600  201.811 1430.761  2.064 2155.39
3309.905 5130.252 4&351.748 91127.39& 2771.318  750.276 1885.119  19.575  295.752 788.408  4.749
18506.419 6875.770  7305.712 24407.280 24592.789 2565.375  763.719 1106.906  70.000 166.934  830.245
13881.473 14431.114  T7407.S35  4758.106 14859.57% 23045.933 1154.480  410.130  &94.329  77.976 129.584
7T3.023 11761.686 13491.809  5430.436 2504.385 7416.24k 11961.857  S14.324  702.561 351.739  99.771
325.152  5049.891  B640.317  5376.956 2319.298 1566.316 3098.54k 5998.242  841.426 262.273  264.281
207.760 2737.459 2946497  3679.305 2462.452 1199.782  67B.955 2426.3¢6 4590.090 228.338  58.331
397,600 3956.040  42¢8.260  2757.060 2163.800 2408.120 2069.100 1760.000 3452.160 4523.760 1761.180
S8098.795 68278.149 183627.492 142650.534 52553.100 41403.121 22521.305 12450.056 12077.749 6478.407 6846.135

1974 1978 1976 1977 1578 1979 1980 1981 1982 1983 1984
378 119.204 72122 0.531 0.551 0.531 4.407 0.391 0.220 0.000 0.000
(619.908 1017.429 469.754 21004.703  717.443  26.046 29526.197 1525.721 1136.646  219.107  85.767
1202.078 3060.455 T67.118  260.938 21762.310 2222.333  421.27% 13789.418 2388.906 1120.815  394.399
4.849 B32.702 1761.795 1482.578  624.272 14582.827 1695.832 1532.644 7074.545 1271.729 1342.133
98.928  8.819 577.005 1413.966 1590.626 1325.418 13266.878 2171.147  932.816 4990.939  879.513
7.540  123.947  0.003 1155.779 1663.207 1295.101 1691.676 7054.298 1582.669  726.193  3999.406
B.122  16.067  B5.146  16.640  471.393  1202.022 1990.229 1241.752 3650.014  607.476  700.443

4TS 16.273  18.780  156.860  50.802  366.371  549.592  643.589  422.980 2709.157  919.17%
60.700 381,040 S53.280  553.890  342.370 226020 313470  417.360  449.900 320520 2019.960
7343.620 5576.026 4305.002 26144.885 27222.975 21264.668 ARST.557 28376.320 17638.69 11969.936 10340.792
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49942.211
44811.959
37936.189
23505.075

1584 1987 1988 1989 199C
2.708 0.000 1.683 0.001 1.282
50.886 1664.399 51.109 1127.908 11.669
3855.175 185.267 3222.016  127.857 2107.348
410.703 3256.521 226.421 1579.348 291.132
376.488 276.092 1938.480 318.941 1856.960
493.612 193.212  368.957 927.993  253.354
447,262 270.841  184.591  150.078  497.367
926.997 403,157 225.514 100,360 128.079
226.800 579.150 419.760 171.900 178,880
&6790.627 4828.639 6618.532 4504.385 5326.072

Summaries for ages 293 9 495949

90389.878 137536.733

44038,130 46409.339 48902.298
36732.418  22002.059 24309.509
29324.883  17243.953  9449.935

5456.731 4232.880 26144.354 272
4439.303 3763.127 5049.651 265

1378.848 2996.009 4779.713  4742.670

S46.146 1234.214 3297.134 41
§37.327 657.209 1883.189 25

6787.922 6828.638 6616.849 4504

6737.036

2881.861 4978.973 3343.724 3248
2471.159 1722.452 3117.303 1669
2094.670 1446.360 1178.823 1350

0.000
15655.932
23008.840

16462.907  25240.372

---------------------------------------------------------------------------------------------------------------

6381,493
8379.429
5591.020
5424 ,084
5346.110

....................................................................................................................

11969.935 1034079
11750.829  10255.03

12.922 10630.014  9860.6% .

1968 1969 1970 1971
41398.391 22520.354 12417.334 12077.078
51673.616 38952.047 22511.754 12215.523 10646.317
38201.771 20626.636 12195.948 10350.564
35636.396 19862.916 11089.042 10280.565
12590.463 18708.456 10678.912  9586.236
1978 1979 1980 1981 1982
22.444 21264137 49453.149 2B375.930 17638.474
04.981 21218.092 19928.953 26850.209 16501.828
18995.759 19507.678 13060.791 141
18.398  4412.932 17811.844 1152B.145 7038.377 93
27.772  3087.514  4544.968 9356.998  6103,563
1989 1990
.385 5324.790
L476  5313.120
.620 3205.772
272 2914.640

58.284  8518.49

4367.345 763898

1945 1966 1967 1968 1969 1970 1971
e dme o mmaaaase 4 a4 am == =— =m0 Nee4memem—e . —a e asauemAaaSmeseeeesaamaaceceaaammcessmasacennmnsent

0.000 0.000 0.000 0.000 0,000 0.000 0.000

0.000 0.000 0.000 1674.230 50,518 164.333 755.250

65963.719  91722.167  4931.957  1433.19%% 3115.895 184.952 410,730

14886.633 48130.659 60248.078  4292.292 1635.730 3437.704 265.921

15693.878 8786.831 26337.266 41972.594 2729.430 1302.848 3209.331

20957.204 8946.722 5062.038 15402.292 25996.478 2065.208  872.372

13800.134 10287.730 4573.931  2779.094 10817.945 17557.233  158B.473

1 ® 0.000
28 1592.27%
3Im  271.492
L ® 1786.875
5 s 188.577
48 182.658
78 2302.710
8m 169.872
9 & 5760.520

122564.979

-
+
|

i s
2 a
in
4 m
5w 38626.227 36346.127
L]
7
an
9 n

10434.204
7057.761
10810.557

21779.420

S445.157  6BAB.435 5608.
8270.766  5783.240 3322,

104,635 86,849
2450111 2764.677

13354.510 22020.772

33185.563
5104.715
7073.314
5530.140
ryal Ber

349,790
722.440
2656.013

039 2396.338  1524.
721 5122.341  S2TS.

0.000
1920.717
35696.047
5651.176
6750.871
4317.334
1839.178
284.722

0.000
are.s17
5907.066
44201.8%4
5326.650
3246.409
2721.389
1225.789

57540.696 TB8249.689 65696.565

754 7601.681 12680.
115 6171.735 10437

1480.556

6150.348
17969.750
2236.745
1757 .446
1207.32%

441

---------------------------------------------------------------------

3293.348
17107.740
3087.298
4473 .942
12328.341
1290.626
1418.262

43991.450



. 390.394 73.540  1167.854 68.313 1223.934 31.006 646.066
531.958 5378.067 501.719  4954,439 370.477  6124.976 135.819
1005.319  1721.693  8592.185 997.802  6791.793 641.924  10444,564
3116.847  1295.794  1409.183  46655.063 939.707 5770.042 362.192
2824.794 2168.124  1107.842  1115.155  4117.957 709.864  4340.589
7859.834  2054.510 1338.773 754,059 765.913  2285.807 436.454
1359.567 4578.811  1423.379 826.624 493.837 462.425  1459,498
2199.102 T77.226  2959.695 954,048 508.904 333.467 299.035
4950.251  1720.60% 769.997  1546.721 1018.291 625.341 413,107

126238.065 19768.364 19270.426 17874.426  16230.813 16984.851 18737,323

pove $58s by age (a) and year (y) are calculated following the
ithm used in the NEFSC projection program, i.e.

ssBea,y) = W(a,y) x P(a,y) x ¥N(a,y) x exp[-Z(a,y)]

2¢a,y) = 0.25 x M(a,y) + 0.25 % F(a,y)

N(a,y) - Jan 1 stock siZe estimates (males L females)

p(a,y) - propertion meture (generally females)

W(a,y) - Weight at age at the beginning of the spawning season

ta,y) are assumed to be the same as the Janl weight at age estimates
"HT AT AGE™ table in input section).

weights at age are calculated as geometric means in ADAPT

the mid-year weight at age estimates (from the catch)

e cohort in successive years.

MEAN STOCK NUMBERS (millions) - GBHAD

1711-23 777 422759.886 25090.474% 3693.476 11168.808 378.321 894,352 4199.503 332.9064  T635.764
27233.800 131243.360 276131.158 13113.816 2893.747  7109.627 301.006 651.678  2694.120 271.165
25905.963  18323.892 77133.592 120842.704 46576.509 1933.589 3752.365 233.97M 349,302 1441,792
35837.719  15779.256 10323.8%6 35925.590 S51299.542 3220.512 1067.867 2116.738 164.674 158.602
22086.739  20317.421 8482.134 4902.807 148444.476 26108.376 1562.006 502,531 1356.989 102.209
7201.704 11773.988 9564 .273 4005.334 2310.287 7702.95% 12661.641 912.776 281.289 933.393
4352.248 3907.130 5330.437 4076.759 1769.193  1064.729 4120.886 6853.673 508.4686 97.867
2163.490 2665,469 1807,766 2276.337  1961.4M 825.902 300.433  2367.4%4  3929.485 273.418
3265.029 3167.088 2230 814 1539.472 1478.957 1518.586 1256.178 1462.319  2462.772 509,267

99470.469 629737.491 416296 502 190376.296 95903.009 49862.592 25116.734 19400.602 12080.221 16005.476
. 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

16312.735  9513.482 6825.821 93306.248 12420.367 5453.926 75769.925 9069.955 MS 073 2195.429
5110.365 10051.077 7256.552 5274.975 66364.52% 9795.127  4452.272 45240.945  6539.610  4488.037
(219.709  3032.746  5571.618  5242.040 4030.015 39018,166  6828.941 3463.296 19521.295 3797.962
796.828 177.644  2027.027  3369.39T7 3723.104 3070.6586 22549.065 4399.542 2262.906 9822.655
69.314 4566.933 142.651 1398.088 2141.830 2483.350  2121.81% 12401.29% 2723.039 1322.588
54.909 36.103  332.574 115.10% 870,282 1275.974 1594 .414  1211.608  5480.295  1561.696
676.397 32.39% 26.732 243,539 92.289 500.801 675.173  B44.917  584.322 3699.718
43.657  495.628 23.690 18,222 170,165 66,853 304.759  349.729 402.995 296.557
1291.377  2320.491 518. 345 507 506 481,661 I1s. 289 1&5 022 1&3.&96 237.794  305.405

4375.291 26126.490 22725.509 109475 110 90294.233 61983, 0&2 116441 382 771“ 781 45177.33%  27690.047
1983 1* 1985 1906 1987 1988 1989 1990

- 2582.460 15018. 10& 1378.318 12915, 079 878.920 15544.921 290,037 4144072
1691.166  2068.964 11087.135 1102.106 9570.683 694,097 12102.804  231.600
© 2952,102  1145.540 1349.975  6633.315 815.463 5782.276  S503.645 8667.215

2112911 1709.93%  719.020 790.543 3478.373 S48.756 3347.739  292.088
5395.905 1250.245  869.469  435.283 495.49% 1T22.842 | 318,496  1929.800
785.520 2748.336 | T47.B46  443.931 260.827 27T A76 864918 152.439
958.496 409.835 1406.016  443.573 249.034 155.761 145.827 . 4756.516
2166.068 568.7814 205.339  805.552 247.972 134,831 91.281 79.845
204,169  1145.784 396.952 186.425 313,043 221.180 145,708 8976

-------- B R R e L L L L e AL L bl b L

15848.999 25065.528 18180.070 23749.907 156309.807 25079.837 17810.539 16058.550
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Brief status of Gulf of Maine haddock resources.

Landings (mt live weight) of haddock from the Gujls

Appendix E.
Table E1l.
of Maine (Division 5Y).
Year Usa Canada Cther
1956 7278 29 0
1957 6141 25 0
19538 7082 285 0
1959 4497 163 0
1960 4541 383 0
1%61 5297 112 0
1962 5003 107 0
1963 4742 3 44
1964 5383 70 0
1965 4204 159 0
1966 4579 1125 o)
1967 4907 589 0o
1968 3437 120 0
1969 2423 59 231
1970 1457 38 67
1971 1194 85 27
1972 309 23 4
1973 509 49 0
1974 622 198 9
1975 1180 79 4
1976 1865 91 0
1977 32986 26 o
1978 4538 641 o
1979 4622 257 0
1980 7270 203 0
1981 5987 513 0
1982 5694 1278 c
1983 5593 20403 0
1984 2792 1245 0
1985 2234 791 0
1986 1589 225 0
1987 828 90 0
1988 414 0 0
1989 263 0 0
1990 433 o 0

Note: Landings 1956-1979 from Clark et al (1982).
1980-1990 from NAFO and NEFSC data files

Total
7307
6166
7367
4660
4924
5409
5110
4789
5453
4363
5704
5496
3557
2713
1562
1306

936
558
829
1263
1956
3322
5179
4879
7473
6500
6972
7896
4037
3025
1814
918
414
263
433

Landings

370
37
L7l

rspi®

473
374
375

78
EREY I
178

1979

;1980
i:081

1982

;1383
1984
| 1388
11388
{1987

1388

1389

£ 1990




Stratified mean catch per tow in numbers for haddock in NEFC offshors spring research vesasi bottom trawi surveys in the Guif of
Maine {Strata 28-28, 38-40}), 1968-1990.

Unadjustad for changes in gear usaga

Age group
1 2 3 4 5 8 7 . 8 9+ Total Totai 1+
0.00 0.00 0.00 0.31 2.97 0.64 0.08 Q.00 0.13 4.10 4.10
0.00 0.00 0.05 0.01 0.13 1.82 0.47 0.00 0.08 2.53 2.83
0.00 0.00 0.00 0.00 0.00 0.1¢ 0.41 0.08 0.04 Q.61 0.81
0.00 0.00 0.00 0.00 .00 0.02 0.02 0.43 012 0.59 C.59
0.39 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.18 0.57 0.57
0.09 0.53 0.00 .04 4.00 0.00 0.00 0.00 0.23 0.89 0.89
0.59 0.08 0.22 0.00 0.00 0.00 0.00 000 - 009 0.96 0.98
0.03 1.31 0.10 0.25 0.00 0.01 0.00 0.00 0.18 1.88 1.86
3.46 0.07 1.21 0.12 g.61 0.00 0.02 0.00 .10 5.59 5.59
0.80 2.39 0.02 0.80 0.27 0.39 0.00 .00 0.00 4.57 4,57
0.08 0.47 0.22 0.08 0.09 0.03 0.00 0.00 0.00 0.92 ¢.92
Q.25 0.00 1.10 0.78 0.06 a1 0.04 0.00 0.00 2.34 2.34
0.86 0.12 0.14 0.36 0.28 0.05 0.00 0.00 0.00 1.81 1.81
0.88 0.8 0.50 0.60 0.18 0.22 0.00 0.00 0.18 2.94 2.94
0.04 0.35 0.78 0.3%5 0.13 0.04 .01 0.00 0.00 1.67 1.67
1.00 0.08 0.88 Q.21 0.21 0.00 0.08 0.00 0.08 2.48 2.48
0.01 0.35 .08 0.19 0.08 0.00 0.00 0.03 0.00 0.74 Q.74
0.0% a3 1.09 0.06 017 0.086 0.05 0.02 0.0 1.77 1.77
Q.08 0.00 0.14 0.39 0.00 0.04 0.07 0.02 Q.00 o o
0.04 0.03 .02 0.01 0.00 0.00 0.00 0.00 0.00 0.10 0.10
0.04 0.00 0.00 0.01 0.12 0.01 0.00 .00 0.00 0.18 0.18
Q.00 0.04 0.04 0.00 0.01 0.01 0. 0.00 0.00 0.1 .11
Q.03 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.00 0.03 .03

Adjusted for changes in gear usage

Age group
1 2 3 4 5 8 7 8 9+ Totai Total 1+
.00 .00 0.00 0.51 4.85 1.05 0.08 0.00 0.21 §.70 6.70
0.00 0.00 0.08 0.02 0.2t . 297 0.77 0.00 0.08 4.13 4.13
0.00 0.00 0.00 0.00 0.00 0.16 0.67 0.10 0.07 1.00 1.00
.00 0.00 0.00 0.00 0.00 0.03 0.03 0.70 0.20 0.96 Q.96
0.84 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.29 0.93 0.93
0.5 0.87 0.00 0.07 0.00 0.00 0.00 0.00 0.38 1,45 1.45
Q.98 .10 0.36¢ 0.00 0.00 0.00 0.00 0.00 0.15 .57 1.57
0.05 2.14 0.18 0.41 0.00 0.02 0.00 0.00 0.28 .04 3.04
5.6% on 1.98 .20 1.00 0.00 0.03 0.00 0.16 9.13 9.13
0.98 3.90 0.03 1.47 0.44 0.64 .00 0.00 0.00 7.48 7.48
o.10 0.77 0.38 0.08 0.15 0.05 0.00 0.00 0.00 1.80 1.50
0.35 0.00 1.53 1.08 0.08 0.18 0.08 0.00 0.00 3.2% 3.28
1.20 0.17 0.19 0.50 0.3% 0.07 0.00 0.00 0.00 2,52 2.52
1.22 1.38 0.70 0.00 0.28 0.31 0.00 0.00 0.25 4.09 4.09
c.08 0.49 1.04 ¢.49 0.18 0.08 0.01 0.00 0.00 2,32 2.32
1.83 Q.10 1.40 0.34 0.34 0.00 0.13 0.00 0.10 4,08 4.05
0.02 . 0.87 c.13 0.31 0.13 0.00 0.00 0.0% 0.00 .21 1.21
0.01 o.M 1.08 .08 0.7 0.08 0.08 Q.02 0.00 1.77 1.77
008 - 0.00 0.14 0.9 0.00 0.04 0.07 0.02 0.00 0.7 0.71
0.03 0.03 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.09 0.09
0.04 0.00 0.00 0.0 0.12 0.0 0.00 0.00 0.00 .18 0.18
0.00 0.03 0.03 0.00 0.0 0.01 on 0.00 0.00 0.09 0.09

0.03 0.00 0.00 0.00 0.00 0.0¢ 0.00 0.00 0.00 0.03 0.03




1990

Tabls E3. Stratified mean catch per tow in numbars for haddock in NEFC offshore autumn research vessel bottom trawl surveys in g,
Maine (Strata 26-23, 16-40), 1863-1990. ® Guit,
Unadjusted for changes in gear usage
Age group
Year 9 1 2 3 4 5 -] 7 8 g+ Total
1363 23.89 8,18 1.14 2.02 4.68 e Rch | 1.12 0.88 0.70 0.78 46.68
1964 0.02 3.34 1.52 0.48 0.82 1.862 0.98 0.32 0.22 0.21 9.59
1965 0.00 0.29 5.39 3.40 0.17 0.38 0.77 0.44 a.21 Q.05 11.79
1966 0.00 0.01 0.38 4.88 1.60 0.17 0.42 0.28 0.05 0.02 7.81
1957 0.00 0.00 0.00 .88 5.52 1.1 0.33 0.09 0.11 0.03 8.17
1868 0.00 0.00 0.00 0.00 0.13 4.19 0.95 0.17 0.20 Q.09 5.73
1963 0.00 0.00 0.00 0.02 0.02 0.02 2.78 0.57 0.09 0.15 3.65
1970 0.00 0.03 0.00 0.00 0.00 0.03 0.08 1.38 0.41 0.08 1.37
1971 0.18 0.00 0.04 0.00 0.03 0.00 0.07 .12 1.31 Q.19 1.94
1972 0.00 0.80 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.52 1.34
1973 0.74 0.02 0.64 0.00 0.22 0.02 0.02 0.03 0.01 1.09 2.79
1974 0.01 1.13 0.12 0.30 0.00 0.00 0.00 0.00 0.02 a.21 ;I.73
1975 0.59 0.14 1.29 0.37 0.93 0.00 0.03 0.03 0.00 0.31 2.69
1876 1.10 1.20 0.05 0.86 0.11 0.58 0.00 0.13 0.00 0.08 4.06
1977 0.03 2.74 2.86% 0.10 0.85 .13 0.21 0.00 0.00 0.07 8,78
1978 0.13 o0 1.65 a.78 0.38 0.93 0.78 0.12 0.01 Q.19 7.98
1979 0.59 0.30 0.01 0.79 1.97 0.41 0.30 0.09 0.08 0.02 4.53
1380 3.24 0.42 0.28 0.00 0.24 0.88 0.55 0.11 0.08 0.08 5.86
1981 0.02 0.28 0.40 0.60 0.28 0.58 0.72 0.00 0.13 0.05 3.03
1982 0.2 0.03 0.42 0.81 0.34 0.02 0.03 0.1% 0.00 0.00 1.78
© 1983 0.00 0.37 0.04 0.41 0.38 0.28 oM 0.05 0.12 0.04 1.8
1984 0.00 0.14 0.35 0.01 0.17 0.00 0.34 0.00 0.00 0.14 115
1985 0.00 0.09 0.47 2.73 0.02 0.18 0.18 0.39 0.00 0.05 4.08
1988 0.00 0.01 0.00 0.07 0.30 0.14 0.02 0.03 0.08 0.00 0.83
1287 0.02 0.00 0.13 0.13 0.17 0.06 0.29 0.16 0.00 0.10 1.02
1988 0.00 0.00 0.00 0.04 0.02 0.08 0.00 0.04 0.14 0.00 0.32
1989 0.00 0.07 0.07 0.02 0.01 0.04 0.08 0.06 0.00 0.00 0.33
1990 0.01 0.03 0.00 0.09 0.00 0.00 0.00 0.02 0.02 0.00 0.17
Adjusted for changes in gear usage
Age group
Yaar Q 1 2 3 4 ] -] 7 8 9+
1963 30.01 13.38 1.86 3,30 7.81 5.4 1.83 1.44 1.14 1.27
1384 0.03 5.45 2.48 0.78 1.34 2.65 1.57 0.52 0.36 0.34
1865 0.00 0.47 8.80 6.8 0.28 1.860 1.28 0.72 0.34 0.08
19686 0.00 0.02 0.82 7.97 2.8 0.28 0.89 0.48 0.08 0.03
1967 0.00 0.00 0.00 1.44 9.01 1.98 0.54 0.1% 0.18 0.05
1968 0.00 0.0¢ 0.00 0.00 o.21 6.84 1.55 0.28 0.33 0.8
1969 0.00 0.00 0.00 0.03 0.03 0.03 4.54 0.93 0.15 0.24
1970 0.00 0.0% 0.00 0.00 0.00 0.05 0.10 2.25 0.87 0.10
1974 0.29 0.00 0.07 ©.00 .08 0.00 0.11 0.20 2.14 o
1372 0.00 1.3 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.85
1973 1.21 0.03 1.08 0.00 0.38 0.03 0.03 0.08 0.02 1.78
1974 0.02 1.88 0.20 0.49 0.00 0.00 0.00 0.00 0.03 0.34
1975 0.98 0.23 21 0.80 1.52 ¢.00 0.05 0.0% 0.00 0.51
1878 1.80 1.98 0.08 1.40 0.18 0.90 0.00 0.2t 0.00 0.10
1977 0.04 3.8% 3.8 0.14 1.18 0.18 0.29 0.00 0.00 0.10
1978 o.18 0.0 2.30 5.2¢ 0.53 1.29 1.08 017 .01 0,26
1979 0.9¢ 0.49 0.02 1.29 3.22 0.87 0.49 0.1% 0.08 0.03
1980 4,51 0.58 0.38 0.00 0.33 1.22 0.77 0.15 0.11% 0.1
1981 0.03 0.48 0.88% 0.98 0.48 0.0 1.18 0.00 0.21 0.08
1982 0.4% 0.08 0.69 0.83 0.58 0.03 0.05 0.24 0.00 0.00
1983 0.00 0.80 0.07 0.67 ©.57 0.42 0.18 0.08 0.20 0.07
1984 0.00 0.23 0.57 0.02 0.28 0.00 0.58 0.00 0.00 0.23
1985 0.00 0.09 0.47 2.73 0.02 0.18 0.15 0.38 0.00 0.05
19868 0.00 0.01 0.00 0.07 0.30 0.14 ¢.02 0.03 0.08 0.00
1987 0.02 0.00 0.13 0.13 0.17 0.08 0.25 0.16 0.00 0.10
1988 0.00 0.00 0.00 0.04 0.02 0.08 0.00 .04 0.14 0.00
1989 0.00 0.06 0.08 0.02 0.01 0.03 0.08 0.05 0.00 0.00
0.C0 0.03 0.00 0.08 .00 0.00 0.00 0.02 0.02 0.00




Table E4. Estimate of Z for Gulf of Maine haddock based on NEFSC
apring research vessel bottom trawl surveys.

Stratified mean

- catch per tow 3 year
Year 3+ 4+ A running average
1568 6.70 6.70 0.50 0.630
1969 4.13 4.05 1.42 0.813
1970 1.00 1.00 0.04 0.1986
1971 0.96 0.96 1.20 0.073
1972 0.29 0.29 -0.44 -0.763
1973 0.45 0.45 1.10 -0.971
1974 0.51 0.15 -0.30 -0.037
1975 0.8% 0.69 -0.49 0.196

_ 1976 3.37 1.39 0.28 0.245

- 1877 2,58 2.55 2.22 0.582
1978 0.64 0.28 -0.76 0.190
1979 2.90 1.37 1.11 ) 0.4886
1980 1.158 0.96 0.35 0.409
1981 1.51 0.81 0.71 0.806
1982 1.78 0.74 0.67 0.726
1983 2.31 0.91 1.55 1.15%
1984 0.62 0.49 0.54 0.975
1985 1.45 0.36 1.03 1.117
1986 0.66 0.52 4.19 1.528
1987 0.03 0.01 -1.54 0.302
1988 0.14 0.14 1.54 1.897
1989 0.06 0.03 - -

1930 0.00 0.00 - -




Table Eb5.

Estimate of Z for Gulf of Maine haddock based on NEFSC

autumn research vessel bottom trawl surveys.

Stratified mean

catch per tow 3 year

Year 3+ 4+ Z running average
1963 22.00 18.70 1.18 0.373
1964 7.56 6.78 0.57 -0.006
1965 $.83 4.28 0.86 0.119%
1966 12,12 4.15 0.02 0.137
1567 13.35 11.91 0.36 0.2%9
1968 9.36 9.36 0.46 0.371
1989 5.95 5.92 0.63 0.271
1970 3.17 3.17 0.12 0.085
1371 2.81 2.81 1.20 0.059
1972 0.88 0.85 -0.95 -0.429
1973 2.27 2.27 1.81 0.038
1974 0.86 0.37 -0.91 -0.300
1978 2.73 2.13 0.67 -0.406
1976 2.79 1.39 0.47 0.067
1977 1.89 1.75 -0.587 0.196
1978 8.60 3.34 0.62 0.445
1979 5.93 4.64 0.79 0.451
1980 2.69 2.69 -0.05 0.265
1981 3.81 2.83 1.47 0.593
i982 1.71 Q.88 0.12 0.239
1983 2.19 1.52 0.72 0.770
1984 1.09 1.07 - 0.32 0.813
1985 3.52 0.79 1.86 1.099
1986 0.62 0.55 -0.18 0.417
1987 0.87 0.74 1.29 1.130
1983 0.27 0.24 0.66 1.117
1989 0.16 0.14 1.39 1.946
1990 0.12 0.04 - -
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0.01 0.0 ¢.02 0.02 0.02 002 0.02
0.01 0.61 ¢.01 0.02 0.02 0.02 0.02
2.01 0.01 0.0t 002 0.02 0.03 0.03
2.01 4.01 0.01 Q.02 0.02 0.03 0.04
0.01 0.01 0,01 Q.01 ¢.01 0.02 0.02
0.08 0.04 003 0.02 .02 0.01 0,01
0.06 0.04 0.03 0.03 0,02 0.02 0.02
Q.03 0.02 0.04 0.03 002 0.062 0.02
Q.02 0.02 0.03 0,03 0.03 003 0.03
©.02 0.02 0.03 0.03 Q.04 0.04
0.02 0.02 0.02 0.03 006 0.08
0.02 0.02 0.02 0.03 Q.08 0.07
0.02 0.02 0.02 Q.03 0.04 0.06 0.08

0.01 0.04 0.02 0.02 0.01 0.01 0.01 0.01
0.0% 0.02 0.02 C.0% 001 0.01 0.01 0.0
¢.01 .02 C.C2 ¢0Z 0.02 0.01 C.01 C.C1
¢.01 0.01 0.01 Q.02 0.02 0.02 C.02 0.02
062 .01 0.01 Q.01 0.02 0.02 0.02 0.02
.03 0.0t 0.01 Q.01 002 0.02 ¢.03 0.03
0.03 0.01 0.01 0.01 0.02 0.G2 0.03 0.04
100 C.01 001 0.01 0,01 002 0,03 0.03
Q.01 1.00 0.02 0.02 0.01 Q.01 0.01 0.0
0.01 0.02 1.00 0091 Q.01 Q.01 Q.01 0.
201 90.02 001 1.00 0.01 201 0.0t 0.0
0.01 0.01 0.01 0.01 1.00 0.02 0.01 0.02
0.02 0.01 0.01 0.01 0,02 1.00 0.02 0.02
0.03 0.0t 0.01 0.01 0.01 0.02 1.0¢0 0.03
0.03 0.01 0.07 0.01 002 0.02 0.03 1.00
0.02 0.01 0.01 0.0t 0.0t 0.01 0.02 0.02
0.01 0.07 0.04 0.03 0.02 0.02 9.61 0.01
0.01 0.04 0.C4 C.03 0.02 0.02 C.01 C.1
001 0.03 .03 0.3 0.02 ¢.02 0.02 0.02
0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.02
0.0 0.02 0.801 0.02 0.07 0.04 0.03 0.03
0.04 0.02 0.02 0.02 0.03 0.04 0.06 0.08
0.08 0.02 0.02 0.0Z 0.03 0.03 0,06 0.07
0.07 0.02 0.02 0.02 0.03 0.04 0.06 0.08

0.01 0.08 006 0,03 0.02 ¢.02 0.02 002 0.02
Q.01 004 004 0.02 0.02 0.02 0.02 0.02 2.02
Q.01 0.03 0.03 0.04 0.03 0.063 0.02 0.02 0.02
0.01 0.02 0.03 0.03 0.03 0.03 002 0.03 0.03
001 0.02 0.02 0.02 0.0 0.04 0.04 0.04 0.04
0.02 0.0 002 0,02 0.03 004 0.08 0.06 0.06
0.02 0.01 0.02 0.02 0.03 0.04 C.0§ 0.07 0.08
0.02 9.01 0,01 9.01 0.02 0.03 C.C4 0.06 0.07
0.01 0.07 0.04 0.03 0.02 0.02 0.02 Q.02 Q.02
Q.01 0.04 0.04 003 2.02 0.0 0.C2 C.02 C.02
0.01 0.03 0.03 0.03 ¢.03 0.02 0.02 .02 C.02
0.01 0.02 0.02 0.02 2.03 0.03 9.03 0.03 0.03
0.0t 0.02 C.02 0.02 0.03 0.04 0.04 C.03 0.04
2.02 0.01 0.01 0.02 0.03 Q.06 0.06 0.06
0.02 0.01 0.1 0.02 0.03 006 0.07 0.08
$.00 0.0 0. 0.02 0.02 C.C3 0,03 0.04
Q.01 1.00 008 0.03 0.02 0.02 G.02
Q.01 .08 1.00 0.04 Q.03 0.03 0.02
001 008 008 0.04 0.03 ¢.03 0.03
0.02 0.04 0.04 0.06 0.04 0.04 0.04
0.02 0.03 0.04 1.00 0.08 008 G.08
.03 0,02 0.03 0.08 1.00 0.08 0.08
4.03 0.02 0.02 .08 0.09 1.00 Q.10
0.04 0.02 0.02 0.08 0.08 0,10 1.00

5.02 0.0 0.08 0.07 .08 0.04 G.04
4 01 -0.02 0,08 0.07 -0.08 -0.06 -0.06

5.01-0.01 0.0t 0.03 008 0.14 0.16
s6.01 0.01 0.01-0.02 -0.08 0.04 0.1%
10 -0.09 -0.07 £.02 0,06 0.04 0.03
%.5.10 0.09 0.07 0.02 -0.04 -0.04 0.03
'5.02 0.09 0.07 -0.08 -0.05 -0.04 -0.04
010.01-0.08 0.07 0.07 -0.06 0.06
‘01 0.01 0,02 0.10 -0.08 -0.08 -0.07
6.01 0.01 -0.01 0.02-0.12 0.08-0.10
20:01 .01 -0.01 -0.03 0.06 0.14 0.14
-1 ¢.01 0.01 -0.03 -0.06 -0.C6 -0.08
420 -0.18 -0.16 0.11 0.08 -0.02 -0.02
5.19-0.18-0.14 -0.1% -0.07 -0.08 -0.02
370,63-0.17 0.16 -0.11 -0.08 0.07 0.06
3.6.020.020.18 0.13-0.12 -0.08 0.07
002 0.02-0.03-0.21 0.180.11 0.10

.61 0.02 0.03 0.04 -0.23 0.16 0.18
01-0.02-0.020,06-0,10-0.26 0.26
0,01 -0.020.02 0.08 0.13 -0.10 -0.33

BETWEEN PARAMETERS ESTIMATED (SYMBOLIC FORM)

LARGE NEGATIVE CORRELATION

= MQDERATE NEGATIVE CORRELATION
SMALL CORRELATION

MODERATE POSITIVE CORRELATION
LARGE POSITIVE CORRELATION

L
< -M

+H
+1

whenever
whenever

R is the estimated correlstion, M is 0.2 and L is 0.3
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BIOREF

A Model to Estimate the Effects of Discard
Mortality on Biological Reference Points

Steven J. Correia

Massachusetts Division of Marine Fisheries
18 Rte 6A
Sandwich, Ma 02563 S




BIOREF was developed to estimate the bioclogical reference -
oints F,,, F.,, and F_ when VPA estimates of F at age are L
ynavailable. Partial F at age coefficients are derived as a E
unction of mesh selectivity ogives, minimum legal size, length TN
t age data, discard mortality rate, and partial fishing i
mortallty for two fleets. BIOREF utllizes a Thompson-Bell yield
ser recrult model to calculate YPR, SSB/R, and sustainable
ylelds. This allows flshery managers to observe the effects of
pminimum mesh size, minimum legal size, and discard mortality
ssumptions on estimating bioclogical reference points. The model
1so produces a table that list deaths at age by user group i.e.,
harvest by fleet, discard deaths by fleet, and natural deaths.
TOREF allows the user to independently reduce each fleet's
effort and to examine the effects on ¥YPR, %MSP, catch, and
discard by fleets.

Parameters needed to run the model include: proportion
mature at age, mean weight of mature fish at age, mean weight of
egal size fish at age, and natural mortality rate at age. Also
needed are: proportion of legal size fish that are retained in
the mesh, proportion of sublegal size fish that are retained in
he mesh, and a hooking mortality discard rate (proportion of
fish discarded from the hook and line fishery that die). The
proportion of legal size fish and sublegal size fish at age
retained by a given mesh is calculated using a mesh selectivity
ogive and length frequency at age. If sustainable yields are
desired, then a spawner recruit function is needed. The model
utilizes the shepherd spawner recruit model for maximum
flexibility. A flow chart for BIOREF is shown in Figure 1.

The partlal fishing mortality for each fleet (F,,) is ;
calculated using the ratio of the fleet's catch (Cn“) to the Lo
otal catch (C, .,1)¢ Fro™ Fital Cheet /Ciotar The catches do not _ :
include discards. ]

Partial F at age coefficients are estimated as follows. The
population length frequency is decomposed into a length frequency

for each age using an age length key. Each length distribution

at age can be further divided into a length frequency for legal

size and a length frequency of sublegal size fish. The model

assumes that all legal size fish are potentially harvested (no

discarding) and sublegal fish are potentially discarded but not :
harvested. For each age, the length frequency can be partitioned |
into 4 exclusive groups via a mesh selection ogive: legal size '
fish retained at a given mesh size and potentlally harvested by

both fleets (P,), legal size fish not retained in the net and

Potentlally harvested by the hook and line fleet (P,), sublegal

size fish retained at a given mesh and potentially dlscarded by

both fleets (P,), and sublegal fish size not retained by the net

and potentlally discarded by the hook and line fleet only (P,).
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Figure 1. Bioref Flow Chart
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The partial F at age coefficient (a) can then be calculated as
" follows:

ln(PleFt+Fr+ PzeFr + PsedFt+hFr+ P4ehFr)

F

where d= discard mortality rate
h= hocking discard mortality rate
F= Fully recruited F
Ft= F for the trawler fleet
Fr= F for the hook and line fleet
Pl=proportion of fish that are legal and retained in the
mesh.
P2=proportion of fish that are legal and escape the net
P3=proportion of fish that are sublegal and retained in the
mesh
P4=proportion of fish that are sublegal and escape the net.

The model's most important assumption is that equilibrium
conditions exist: recruitment, growth rates, and maturation
schedule are all constant. Spawning occurs at the beginning of
the year before any fishing and natural mortality occurs. The
model also assumes that effort for each fleet (f, ) is constant
for all ages. Catchability is constant at all ages for the hock
and line fleet, and varies as a function of length at age and
mesh selectivity for the trawler fleet.

Using BIOREF:

BIOREF is written in GWBASIC and runs interactively. GWBASIC

. only recognizes commands written in upper case. To run BIOREF,
type GWBASIC at the A:> prompt, then hit F3 and type BIOREF. Hit
F2 to run the Program. The data file containing parameters by
age is created in BIOREF on an age by age basis. The data file

' is stored for future use or editing.

A BIOREF run using data for the Cape Cod/Massachusetts Bay
winter flounder fishery is shown in Appendix 1. An effective
~mesh size of 4%" is assumed, and landings are distributed as
follows: 48% hook and line fleet and 52% otter trawl fleet.
Length frequency, age-length key, maturity at age, and length-

- weight keys are region specific and were derived from data from
the MDMF spring trawl surveys. Natural mortality was assumed to
be 0.28 at all ages, with a maximum fishable age of 13. A

- hooking discard mortality rate of 0.15 was assumed for ages 2 and
older. The discard mortality rate in the model's output and
Table 1 refers to discarding mortality rate from the otter trawl
fishery independent of hooking mortality.

For comparative purposes, a YPR analysis that assumes all
- fish 2 minimum legal size are fully recruited and fish less than
minimum legal size are not recruited to the fishery was used.




Partial recruitment at age was assumed to be proportional to the
number of legal size fish at age. The partial recruitment
coefficients are 1.0 for ages 5 and older, 0.62 for age 4, 0.04
for age 3, and 0.0 for all younger ages. In this "reference
standard" analysis, F,,= 0.39, F,y=2.04, and F,;,y was undefineq .
for values of F up to 2.0. All reference points and yield curyeg
derived using BICREF were lower than those derived from the -
reference standard analysis (Table 1 and Figure 2) The referencs |
points for the BIOREF run with no otter trawl discard mortality
are lower than the standard run because of the 15% hooking

discard mortality from the hook and line fishery. Reference

points for a BIOREF run with absolutely no discard mortality

would be higher than those of reference standard because some
legal size fish are not fully recruited to the fishery as a

result of the 4%" mesh.

S

Table 1. Compariscn of biological reference points
from standard reference model and BICREF model.

discard
martality
% Foa Frmax Fmsy
Reference standard 0 0.39 »>2.0 2.04
BIOREF 00 0.35 0.70  0.90
25 0.32 0.60 0.72
50 0.30 0.51 0.66
75 .29 0.50 0.60
100 6.27 0.45 0.56

* includes 15% hooking discard mortality

BIOREF's reference points are sensitive to assumptions about
discard mortality. Although accuracy of the model's reference
points are unknown, these results suggest that ignoring discard
mortality in a YPR analysis could lead to significant error in
estimating biological reference points. When reference points
are needed, but data are insufficient for determining partial
recruitment vectors, rejecting the hypothesis of no discard
mortality may be acceptable. This is particularly true when
ancillary information, such as sea sampling data, suggests that
significant discard mortality probably occurs in the fishery.




Figure 2. "Standard” Thompson Bell and BIOREF Comparisons

Yield per recruit
standard Thompson Beli

o ylald/ra cruit (xg)

.16 /

L% [+

acel|

co " " L L L L
00 02 0.4 08 08 L0 12 t4 16 18 2.0
F

Q.

SSB per recruit
standard Thompaon Bell

838/R (k)

o0 . e
00 0.2 04 08 08 10 12 14 18 18 20
F
Helative Yleld

standard Thempeon Bali

yletd (k)

105

L]

LK

40

60 " 2 L N
20 0.2 04 0 OB L0 L2 14 L8 1 20

F

Yield per recruit
using BIOREF

Y/R (kg}
o

Discarg

100

|
|

oo
00 02 04 06 0B LO 12 14 1§ 18 2.0

-2

S8B per recruit
using BIOREF

aBR/R (k)
1.4

L) .
- 00 0.2 04 00 08 10 12 14 18 18 20
F
Relative Yield
uging BIOREF
¥l (kg)
10 1
R W o 1) Mt 1 Y - 7e% 00N
Discard
L]
ot \\\
4r L
.
2y \
o 5 . . L " n —_— . i
60 02 04 08 08 10 12 14 16 18 20 :
3




Appendix 1. Example of BIOREF run using data from Cape Cod/Massachusetts winter
flounder fishery.

BIOREF
VERSION 1.2 11/75/%1

THIS PROGRAM DOES A YIELD PER RECRUIT AND SPAWNING STOCK
BIOMASS ANALYSIS BASED OM A MODIFIED THOMPSON-BELL Y/R MODEL.
THIS MODEL PARTITICONS THE FISHERY INTQ COMMERCIAL (QTTER TRAWL)
AND RECREATIONAL (HOOK AND LINE) COMPONENTS AND THEN [NCORPORATES
HOOKING AND D{SCARD MORTALITY INTO A THOMPSON-SELL ANALYSIS

THE FOLLOWING PARAMETERS ARE NEEDED TO RUN THIS MODEL:

FROPCRTION OF LEGAL SIZE FISH AT AGE, (PL).

PROPCRTION MATURE AT AGE, (FM).

FROPCRTION OF LEGALS AT AGE RETAINED [N MESH SIZE X, (PLR)
PROPCRTION OF SUBLEGALS AT AGE RETAINED IN MESH SIZE X, (PSR)
HOOKING MORTALITY RATE AT AGE, EXPRESSED AS %, (HM)

NATURAL MORTALITY RATE AT AGE, EXPRESSED AS M, (M)

MEAN WEIGHT OF LEGAL SI12E FISH AT AGE, (MLW)

MEAN WEIGHT OF SPAWNERS AT AGE, (MSW)

MAXTMUM AGE THAT THE FISH ATTAIN, ALL FISH DIE OF SENESCENCE
BEYOND THAT AGE.

SHEPHERD SPAWNER-RECRUITMENT FUNCTION PARAMETERS A,K, AND B

PRESS ANY KEY TO CONTINUE?
1LIST  2RUN  3JLCADH  A4SAVE™ 3SCONT  4,"LPT1 7TRON 8TROFF 9KEY QSTREEN

PRESS ANY XEY TC CONTINUE?

THE PROGRAM CALCULATES YPR, SSB/R AND RELATIVE YIELD VALUES
FOR DISCARD MORTALITY RATES OF 0, 25, 50, 75, AND 100% AND

F FROM Q0 TO 2.0 IN 0.1 INCREMENTS. THE PROGRAM ALSO CALCULATES
FG.1, FMAX, AND FMSY AND *MSP.

A WCRD COF CAUTIQON *#*¥#* [QCALIZED MINIMA AND MAXIMA MAY

EXIST IN THE YPR, SSB/R, AND RELATIVE YIELD CURVES.

THE PROGRAM CALCULATES FO.1, FMAX, AND FMSY BY SEARCRING FOR THE
CHANGES IN SLOPE. THIS MAY CAUSE AN UNDERESTIMATION OF THE
BIOLOGICAL REFERENCE POINTS. PLOT THE YPR, SSB/R AND RELATIVE
YIELD CURVES AND CHECK THE LOCATION OF THESE PQINTS

MAXIMUM AGE ATTAINED? 13

YOU CAN EITHER CREATE A NEW DATA FILE OR RECALL A DATAFILE

PREVIQUSLY CREATED USING THIS PROGRAM. FILES WILL BE STORED N
ON THE A DRIVE. MNEW FILES WILL QVERWRITE OLD FILES WITH THE SAME NAME.

INPHT NAMF (OF DATA FILE TO RE CREATED. OR RECALLFD? N1245

6
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p0 YOU WISH TO CREATE A DATAFILE, Y/NT7 N
. po YOU WISH TO EDIT THE DATAFILE, Y/N?7 N

CURRENT DATA FILE

‘AGE PL PM PLR PSR HM M MLW MSW
{ 0.006 0.000 ©0.000 0.002 .00 .28 0.00 9.00
2 C.000 0.00C O.C00 Q.100 .15 .28 Q.00 0.15
3 0.059 0.181 0.973 0.633 .15 .28 0.40 0.33
4 0,792 0.803 C.984 0.911 .15 .28 0.4&6 0.45
5 1.000 0.98% G.998 1.000 .15 .28 0.61 0.6%
© 4 1.000 0.987 1.000 1.000 .15 .28 Q.86 0.86
©7 1.000 1,000 1.000 1.000 .15 .28 0.96 0.9
%8 1.000 1,000 1.000 1.000 .15 .28 1.04 1,04
9 1.000 1.000 1.000 1.000 .15 .28 1.09 1.0¢%
0 1.000 1.000 1.0Q0 1.000 .15 .28 1.13  1.13
13 1.000 7.000 1.000 1.000 .15 .28 1.16 1.16
12 1.00¢ 1.0CO 1.000 1,000 .15 .28 1.18 1.18
3 1.000 1.000 1.000 1.000 .15 .28 1.19 1.19

DO YOU WISH TQO RE-EDIT THE DATAFILE? N

SPECIES NAME? WINTER FLOUNDER

STOCK UNIT? CAPE COD /MASS BAY REGION

LEGAL SIZE ? 12"

"MESH SIZE? 4.5" DIAMOND

ROPORTION OF CATCH SUE TO RECREATIONAL FISHING=? .48
NPUT SHEPHERD RECRUITMENT FUNCTION PARAMETERS

3SB=K ((A*SSB/R) -1)1/8

DO YOU WANT TO RUN A YPR, SSB/R ANALYSIS ? Y

PROGRAM [S RUNNING, APPROXIMATE RUNNING TIME = 1 MINUTE

A st

SPAWNING STOCK BLOMASS PER RECRUGT

F q 25 .50 75 1
0.8 1.289 1.289 1.289 1,289 1,289
0.1 0.959 0.949 0.93% 0.529 5.919
¢.2  0.7m 0.736  0.720 a.70% 0.691
0.3 0.815 0.595% 0.577 0.559 0.542
9.4 0.520 0.498 0.478 0450 0.441
0.5 0.451 0.428 0.407 0.387  0.1&9
0.6 0.400 0.376  0.35 0.33% 0.318
0.7 0.381 0.335 9.313 0,293 0.273
g.8  0.3%0 0.303 .28t 0.261 0.264
0.9  0.30§ 0.278 0.25% 0.235 0.218
1.0 0.286  0.256  0.233 0.214 0.198
1.1 0.267  0.239  0.215 0.19%6  0.181
0.252 0.23 0.200 9.182  0.186
0.239  0.210 0.187 0.189 0,154
0.229  0.199 0.176 0,158 0.144
0.219  0.189 a.166 0.149 0.135
9.211 0.180 2.158 0,140 a.127
0.293 0172 0.158 0.133 0.120
0.19%6  0.165 0.143 0.126 0.1
0.1%90 0.15%  0.138 0.120 0.108
2. 0.188 0.153 0.131 0.115 9.103
HIT RETURN TO COKTINUE

TIELD PER RECRUIY

a .25 .30 ] 1
0.000 0.000 0.000 9.006 0.000
0.079 0.078 9.077 0.07% 0.07%
9.117 0.115 2.112 0.110 0.108
T.137 Q.133 g.128 0.12% 0.120
0.147 .14 8.135 0.129 0.12%
0.152 0,144 0.136 0.130 0.183
0.154 0.144 0.134 0.128 g.120
0.155 0.143 9.133 0.12¢ 3117
0.154 0.142 0.130 9.1721 0.112
0.154 0.13% 9.127 g7 0.108
2.152 0.137 212 0.113 Q.104
0.151 1.134 0.120 g.109 0.099
0.149 0.13t 0.117 Q.105 0.093
0.167 0.128 2.313 2.1m 9.092
0.146 0.12% ¢.110 0.098 9.0a8
0.144 0.133 0.107 0.0 0.035
0.142 ¢.120 0,104 2.091 0.082
0.140 0.117 2.1 G.088 0.7
0.133 0.115 0.098 0.085 0.074
0.13%6 .12 7.09% 0.082 6073
0.135 0.110 0.092 1.080 0.071
IT RETURN TQ CONTINUE

e a o s
W N W E W




2 CF MAXIMUN SPAUMING STCCR B|CMASS/RECRUIT
3 28 .50 TS 1

RELATIVE TIELD

13 ¥ g ] .50 s
0.3 100.3 166.2 100.9 108.9 160.0 3.4 0,649 9.80 3.0 820
1.4 FI 73.4 .1 2.3 7.3 g.1 2.96 2.96 2.9 2.50
2.2 3.3 57.1 55.9 s4.7 $3.4 0.2 ..81 L.73 Lo k.j,q
3.3 2.7 5.2 [¥2%4 L3.4 L2t 5.3 5.98 5.0 5.7 s..sr
a4 0.3 18.5 T 35.4 14,2 2.4 4.73 6.51 5.29 614
0.3 15.4 13.2 31.5 1d.0 8.4 3.5 .21 5,50 5.52 .34
1.4 3.2 9.1 iT.s 257 26.5 9.4 7.50 7.3¢ 5.73 6,33
a.7 3.4 5.9 24.3 22.7 1.4 a.r 7,57 7T 5.7 .39
0.3 5.4 5.5 1.3 0.2 14.7 0.3 7.76 7.ie 5.59 5.59
2.9 3.4 21.5 19.7 18.2 5.9 2.9 7.7 7.04 540 [T
1.2 2. 19.9 18.1 16,4 13.3 H 7.49 5,33 8,06 503
1.1 9.7 18.5 i6.7 15.2 ! 1t 7.51 &.58 5,38 5.09
1.2 19.5 17.3 5.5 14,1 12.9 1.2 7.49 5,43 5.52 Lt
1.3 15,5 4.3 6.5 13.1 12.3 1.3 7.35 5.2) 5.1 Y]
(3 iT.7 15.4 137 12.3 11.1 1.4 7.22 5.92 LT 3.7
1.5 7.4 4.7 12.9 11.5 = 1.5 7.03 5.52 L8 3.4
1.5 1.3 6.0 12.2 10.9 9.3 1.4 5.2% 5.31 3.90 2.51
1.7 15.3 13,4 1.5 18.3 9.3 1.7 &.44 4.9 1.42 1.3
1.3 15.2 2.3 11.3 3.4 8.3 1.3 4,67 L.55 .50 .53
1.3 is.3 12.3 19.4 3.2 2.4 1.9 5,27 L.i9 2.0 3.20
2.3 4.3 1.9 0.1 3.3 3.0 2.3 5,07 T2 1.53 3.8
AIT RETURH TQ CONT THUE

HIT RETURN TQ CONTIMUE

2R0GRAM (S CALCULATING BICLOGICAL REFERENCE POINTS
APPROXIMATE AUNNING TIME iS 2 MINUTES

PROGRAM 1S CALCULATING FO.1

7g:jf’f'?i'l*ti!’i'!‘*f!1'71’*!*"'11"*11'11!'1'7**!1-1"'1"1ﬂ""f**"itf'**ﬂ

,fvfritw*twtivrwQfttwvts:wwi!tw*wt-iiiiw*w:!wic:1-:1111!!1-111*:*!111*!1:

2R0GRAM (S CALCULATING FMAX

A AERWAES

PROGRAM 1S CALCULATING EMSY

¢'1:7itwiI?v-irrwtii'*#*ﬂ!-*i!

SPECIES 1S WINTER FLOUNDER

sToCK UNLT 1S CAPE CCD /MASS BAY REGION
Lzgal stzg (s 12"

4ESH 122 1S 4.5 DIAMOND

% gF CATCH DUE TQ RECREATICNAL FISHING .48
% QF CATCH QUE TG0 CCMMERCIAL FISHING .32

14

SHEPHERD SARAMETERS ARE K= 12.57 A= T.99 Bz 1.8
215CARD

MORTALITY £0.1 {IMSP) FMAX (VMSP)Y FMSY (HHSP)
3.99 0.35 3.7y Q.70 27D ‘9.90  (23.4)
0.25 0.32  (eh.6y  0.60 (8.8 0.72 (25.2)
9.50 0.30 (64.7y  0.51 (30.8) 0.6 (2&5.D
0.75 0.29  (46b.3)  0.50 (29.5)  0.60 (25.3)

1.400 0.27  (45.0 0.65 (30.7) 0.56 (25.%)




53 ANY KEY TQ CONTTNUE

Sexswwx QEATH AT AGE TABLEWWRA*TET®RwwEN®
{15 PROGRAM PRODUCES A TABLE OF DEATHS AT AGE PARTITIONED
\To FISHING MORTALITY BY USER GROUP, INCLUDING COMMERCIAL
{5CaRD, RECREATICNAL OISCARD, RECREATION AND CCMMERCIAL
SRVESTS: AND NATURAL MORTALITY

5 7CU WANT TO PRCDUCE THIS TABLE? Y

SLARD MORTALITY IS (VALLES RANGES FROM 0-1)7 .5

RRENT F 1S 71
pUT PERCENT REDUCTION IN RECREATIONAL EFFCRT? O

pUT PERCENT REDUCTION IN COMMERCIAL EFFORT? O

o1 2RUN  3LOADY 4SAVE" SCONT 6,9LPT1 7TRON 8TROFF 9KEY  OSCREEN
s”ErlES IS WINTER FLOUNDER
ck UNTT 15 CAPE COD /MASS BAY REGION
oAl SIZE IS 120
SH SIZE 15 4.5" DIAMOND
OF EFFORT DUE TO RECREATIONAL FISHING .48
OF EFFORT QUE TO COMMERCIAL FISHING .52
HEPHERD PARAMETERS ARE K= 12,57 A= 7.99 3= 1.8
BEFORE EFFORT REDUCTICN WAS 1
£DUCTION IN RECREATION EFFORT IS 0 %
“REDUCTION [N COMMERCIAL EFFORT 1S Q %
SCARD MORTALITY IS .5
(IELD PER RECRUIT IS 0.124
sa/k IS . 0.233
MSP 1S 18.1
ACTUARTAL TABLE BASED ON 10000 RECRUITS AT AGE 1
COMMERCIAL REC # HOOKING # DISCARD NATURAL # ALIVE F
HARVEST HAR DEATHS DEATHS  DEATHS  T+#1 AT AGE
0 T e 0 40 26416 75544 0.00
0 0 4533 1466 17630 51914 0.10
874 835 2754 5009 11195 30249 0.25
£516 - 6511 343 1115 5130 10234 0.80
2994 2772 9 0 1617 2850 1.00
836 72 0 0 450 793 1.00
233 215 0 0 125 220 1.00
65 40 0 0 35 61 1.00
18 17 0 9 10 17 1.00
5 5 0 0 3 5 1.00
1 1 2 0 1 11,00
0 0 0 0 0 0 0.00
0 0 0 0 0 0 0.co
TotaL 11942 11187 7630 8630 50612

0 YOU WANT TQ PRCODUCE ANOTHER ACTUARY TABLE ? N




